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(54) Thermographic recording element 

(57) A thermographic recording element having at 
least one image forming layer contains an organic silver 
salt, a reducing agent, and optionally, a photosensitive 
silver haJide. The element further contains a substituted 
alkene derivative of specific structure and preferably a 
specific hydrazine derivative. The element can be proc- 
essed in a fully dry basis to produce images having high 
Dmax and gradation and free of black pepper. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a thermographic recording element and more particularly, to a photothermographic 
recording element suited for the manufacture of graphic printing plates. 

Prior Art 

[0002] Photothermographic materials which are processed by a photothermographic process to form photographic 
images are disclosed, for example, in USP 3,152,904 and 3,457,075. D. Morgan and B. Shely, "Thermally Processed 
Silver Systems" in "Imaging Processes and Materials," Neblette, 8th Ed., Sturge, V. Walworth and A. Shepp Ed., page 
2,1969. 

[0003] These photothermographic materials generally contain a reducible silver source (e.g., organic silver salt), a 
catalytic amount of a photocatalyst (e.g., silver halide), a toner for controlling the tone of silver, and a reducing agent, 
typically dispersed in a binder matrix. Photothermographic materials are stable at room temperature. When they are 
heated at an elevated temperature (e.g., 80°C or higher) after exposure, redox reaction takes place between the reduc- 
ible silver source (functioning as an oxidizing agent) and the reducing agent to form silver. This redox reaction is pro- 
moted by the catalysis of a latent image produced by exposure. Silver formed by reaction of the organic silver salt in 
exposed regions provides black images in contrast to unexposed regions, forming an image. 

[0004] Such photothermographic materials have been used as microphotographic and radiographic photosensitive 
materials. However, only a few have been used as a graphic printing photosensitive material because the image quality 
is poor for the printing purpose as demonstrated by low maximum density (Dmax) and soft gradation. 
[0005] With the recent advance of lasers and light-emitting diodes, scanners and image setters having an oscillation 
wavelength of 600 to 800 nm find widespread use. There is a strong desire to have a high contrast photosensitive mate- 
rial which has so high sensitivity and Dmax that it may comply with such output devices. The demand for simple dry 
processing is also increasing. 

[0006] USP 3,667,958 discloses that a photothermographic element comprising a polyhydroxybenzene combined 
with a hydroxylamine. reductone or hydrazine has high image quality discrimination and resolution. This combination of 
reducing agents, however, was found to incur an increase of fog. 

[0007] USP 5,496,695 discloses a heat-developable photothermographic element comprising an organic silver salt, 
a silver halide, a hindered phenol, and a certain hydrazine derivative. These hydrazine derivatives were found still insuf- 
ficient to accomplish a maximum ultimate density or ultrahigh contrast. 

[0008] USP 5,545,515 discloses the use of acrylonitriles as the co<leveloper. The hydrazine compounds used therein 
fail to achieve a fully satisfactory high contrast while the occurrence of black peppers was ascertained. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a thermographic recording element having a high sensitivity 
and high Dmax and free of black peppers. Another object of the present invention is to provide a printing plate-forming 
photosensitive element which can be processed in a fully dry basis without a need for wet processing and produce 
images of quality. 

[0010] According to the invention, there is provided a thermographic recording element having at least one image 
forming layer. The element contains an organic silver salt, a reducing agent, and at least one of substituted alkene 
derivatives of the general formulae (1) through (14). 
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[0011] In formulae (1) through (14), Wis an electron attractive group, D is an electron donative group, and H is hydro- 
gen. The groups represented by W or D attached to the same carbon atom, taken together, may form a cyclic structure. 
The compound may assume either a trans or a cis structure when both trans and cis structures are possible with 
respect to W or D. Two W groups in formula (1 4) form a cyclic structure. 

[001 2] In one preferred embodiment, the thermographic recording element further contains a hydrazine derivative of 
the general formula (I). 
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R*— N— N— (G 1 )mi — R 1 
A 1 A 2 



[001 3] In formula (I), R 2 is an aliphatic, aromatic or heterocyclic group, R 1 is hydrogen or a block group, G 1 is -CO-, - 
10 COCO-, -C(=S)-, -S0 2 -, -SO-, -PO(R 3 )- or iminomethylene group, R 3 is selected from the same range as defined for R 1 
and may be different from R 1 , A 1 and A 2 are independently hydrogen, alkylsulfonyl, arylsulfonyl or acyl groups, at least 
one of A 1 and A 2 is hydrogen, and letter ml is equal to 0 or 1 , with the proviso that R 1 is an aliphatic, aromatic or het- 
erocyclic group when ml is 0. 

[0014] In one preferred embodiment, the thermographic recording element further contains a photosensitive silver 
is halide so that the element may be photosensitive. That is, a photothermographic (or photosensitive, heat-developable) 
recording element is provided. 

DETAILED DESCRIPTION OF THE INVENTION 

20 [0015] The thermographic (or heat-developable) recording element of the invention has at least one image forming 
layer and contains an organic silver salt and a reducing agent. Preferably it further contains a photosensitive silver hal- 
ide whereby the invention constitutes a photothermographic (or photosensitive, heat-developable) recording element. 
According to the feature of the invention, the element further contains substituted alkene derivatives of the general for- 
mulae (1 ) through ( 1 4) . The inclusion of such substituted alkene derivatives not only provides the thermographic record- 

25 ing element with a high Dmax, high sensitivity, and fully high contrast, but is also effective for suppressing the 
occurrence of black peppers. These advantages are enhanced by further adding a hydrazine derivative of the general 
formula (I). 

Substituted alkene derivative 

30 

[001 6] First, the substituted alkene derivatives of the general formulae (1) through (1 4) are described in detail. 
[0017] In formulae (1) through (14), W is an electron attractive group, D is an electron donative group, and H is a 
hydrogen atom. The groups represented by W or D attached to the same carbon atom, taken together, may form a 
cyclic structure. When both trans and cis structures are possible with respect to W or D, the compound may assume 

35 either a trans or a cis structure. Two W groups in formula (1 4) form a cyclic structure. 

[0018] In formulae (1) through (14), the electron attractive groups represented by W include halogen atoms, cyano 
groups, nitro groups, alkenyl groups, alkynyl groups, acyl groups, alkoxycarbonyl groups, aryloxycarbonyl groups, alkyl- 
sulfonyl groups, arylsulfonyl groups, carbamoyl groups, carbonamide groups, sulfamoyl groups, sulfonamide groups, tri- 
fluoromethyl groups, trichloromethyl groups, phosphoryl groups, carboxy groups (or salts thereof), surfo groups (or salts 

40 thereof), heterocyclic groups, imino groups, and phenyl groups having such electron attractive groups as a substituent. 
These groups may have substituents, examples of which include halogen atoms (e.g.. fluorine, chlorine, bromine and 
iodine atoms), alkyl groups (including aralkyl, cycloalkyl and active methine groups), alkenyl groups, alkynyl groups, aryl 
groups, heterocyclic groups, quaternized nitrogen atom-containing heterocyclic groups (such as pyridinio), acyl groups, 
alkoxycarbonyl groups, aryloxycarbonyl groups, carbamoyl groups, carboxy groups or salts thereof, sulfonylcarbamoyl 

45 groups, acylcarbamoyl groups, sulfamoylcarbamoyl groups, carbazoyl groups, oxalyl groups, oxamoyi groups, cyano 
groups, thiocarbamoyl groups, hydroxy groups, alkoxy groups (including groups containing recurring ethyleneoxy or 
propyleneoxy units), aryloxy groups, heterocyclic oxy groups, acyloxy groups, (alkoxy or aryloxy) carbonyloxy groups, 
carbamoyloxy groups, sulfonyloxy groups, amino groups, (alkyl, aryl or heterocyclic) amino groups, N-substituted 
nitrogenous heterocyclic groups, acylamino groups, sulfonamide groups, ureido groups, thioureido groups, imide 

so groups, (alkoxy or aryloxy) carbonylamino groups, sulfamoylamino groups, semicarbazide groups, thiosemicarbazide 
groups, hydrazine groups, quaternary ammonio groups, oxamoylamino groups, (alkyl or aryl) sutfonyl ureido groups, 
acylureido groups, acylsulfamoylamino groups, nitro groups, mercapto groups, (alkyl, aryl or heterocyclic) thio groups, 
(alkyl or aryl) sulfonyl groups, (alkyl or aryl) suffinyl groups, sulfo groups or salts thereof, sulfamoyl groups, acylsulfa- 
moyl groups, suifonylsulfamoyl groups or salts thereof, and phosphoramide or phosphate structure-bearing groups. 

55 These substituents may be further replaced by other substituents selected from the foregoing examples. 

[001 9] The preferred electron attractive groups are those having 0 to 16 carbon atoms in total, especially 0 to 1 2 car- 
bon atoms in total, for example, cyano, nitro, alkenyl, acyl, alkoxycarbonyl, aryloxycarbonyl, alkylsulfonyl, arylsulfonyl, 
carbamoyl, sulfamoyl, trrf luoromethyl, phosphoryl groups, heterocyclic groups (5- and 6-membered heterocyclic groups 
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which may have a benzene or naphthalene ring fused thereto), and phenyl groups having any electron attractive group 
as a substituent. It is noted that the heterocyclic groups in formulae (3) and (7) are non-aromatic heterocyclic groups. 
[0020] In formulae (1) through (14), the electron donative groups represented by D include hydroxy groups (or salts 
thereof), mercapto groups (or salts thereof), alkoxy groups, aryloxy groups, heterocyclic oxy groups, alkylthio groups, 
5 arylthio groups, heterocyclic thio groups, amino groups, alkyl amino groups, aryiamino groups, heterocyclic amino 
groups, and phenyl groups having such electron donative groups as a substituent. These groups may have substitu- 
ents, examples of which are the same as described for W. 

[0021] The preferred electron donative groups are hydroxy groups (or salts thereof), mercapto groups (or salts 
thereof), alkoxy groups, alkyl thio groups, arylthio groups, amino groups, alkyiamino groups, aryiamino groups, and phe- 

10 nyl groups having any electron donative group as a substituent. 

[0022] Examples of the ring formed by W and D include saturated or unsaturated, carbocyclic or heterocyclic rings 
which may have a 4- to 6-membered ring fused thereto. Also the ring may be a cyclic ketone. The heterocyclic ring pref- 
erably contains at least one atom of nitrogen, oxygen and sulfur, more preferably one or two such hetero atoms. 
[0023] Preferred among the compounds of formulae (1) through (14) are those of formulae (1), (2), (3), (5), (7), (8), 

is (10), (1 1), (12), (13), and (14). More preferred are the compounds of formulae (1), (2), (3), (5), (7), (8), (10), (1 1), (12), 
and (14). 

[0024] Illustrative, non-limiting, examples of the compounds of formulae (1 ) through (1 4) are given below. 
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[0025] The compounds according to the invention can be readily synthesized by well-known methods and are also 
commercially available from chemical manufacturers. 

[0026] These compounds may be used alone or in admixture of two or more. The amount of the compound(s) added 
55 is preferably 1x10" 6 to 1 mol, more preferably 1x10~ 5 to 5x10" 1 mol. and most preferably 2x10" 5 to 2x10" 1 mol per mol 
of silver. The compound may be added to an image forming layer or any other layer on the image forming layer side of 
a support, and preferably to the image forming layer or a layer disposed adjacent thereto. 

[0027] In the practice of the invention, the substituted alkene derivative is used as solution in water or a suitable 
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alkenyl and alkynyl groups), aromatic groups (monocyclic or fused ring aryi groups), heterocyclic groups, alkoxy, ary- 
loxy, amino and hydrazino groups. 

[0038] The alkyl groups represented by R 1 are preferably substituted or unsubstituted alky! groups having 1 to 1 0 car- 
bon atoms, for example, methyl, ethyl, trifluoromethyl, difluoromethyl, 2-carboxytetraf!uoroethyl, pyridiniomethyl, drfluor- 

5 omethoxymethyl, dHluorocarboxymethyl, 3-hydroxypropyl, hydroxy methyl, 3-methanesulfonamidopropyl, 
benzenesulfonamidomethyi, trifluoroacetylmethyl, dimethylaminomethyl, phenylsulfonyl methyl, o-hydroxybenzyl, meth- 
oxymethyl, phenoxymethyl, 4-ethylphenoxymethyl, phenylthiomethyl, t-butyl, dicyanomethyl, diphenylmethyl, triphenyl- 
methyl, methoxycarbonyldiphenylmethyl, cyanodiphenylmethyl, and methylthiodiphenylmethyl groups. The alkenyl 
groups are preferably those having 1 to 10 carbon atoms, for example, vinyl, 2-ethoxycarbonylvinyl, and 2-trifluoro-2- 

w methoxycarbonylvinyl groups. The alkynyl groups are preferably those having 1 to 10 carbon atoms, for example, ethy- 
nyl and 2-methoxycarbonylethynyl groups. The aryl groups are preferably monocyclic or fused ring aryl groups, espe- 
cially those containing a benzene ring, for example, phenyl, perfluorophenyl, 3,5-dichlorophenyl, 2- 
methanesulfonamidophenyl, 2-carbamoylphenyl, 4,5-dicyanophenyl, 2-hydroxymethylphenyl, 2,6-dichloro-4-cyanophe- 
nyl, and 2-chloro-5-octylsulfamoylphenyl groups. 

is [0039] The heterocyclic groups represented by R 1 are preferably 5- and 6-membered, saturated or unsaturated, 
monocyclic or fused ring, heterocyclic groups containing at least one of nitrogen, oxygen and sulfur atoms, for example, 
morpholino, piperidino (N-substituted), imidazolyl, indazolyl (e.g., 4-nrtroindazolyl), pyrazolyl, triazolyl, benzimidazolyl. 
tetrazolyl, pyridyl, pyridinio (e.g., N-methyl-3-pyridinio), quinolinio. quinolyl, hydantoyl and imidazolidinyl groups. 
[0040] The alkoxy groups are preferably those having 1 to 8 carbon atoms, for example, methoxy, 2-hydroxyethoxy, 

20 benzyloxy, and t-butoxy groups. The aryloxy groups are preferably substituted or unsubstituted phenoxy groups. The 
amino groups are preferably unsubstituted amino, alkylamino having 1 to 10 carbon atoms, arylamino, and saturated or 
unsaturated heterocyclic amino groups (inclusive of nitrogenous heterocyclic amino groups containing a quaternized 
nitrogen atom). Examples of the amino group include 2,2,6,6-tetramethylpiperidin-4-ylamino, propylamino, 2-hydrox- 
yethylamino, anilino, o-hydroxyanilino, 5-benzotriazolylamino, and N-benzyl-3-pyridinioamino groups. The hydrazino 

25 groups are preferably substituted or unsubstituted hydrazino groups and substituted or unsubstituted phenylhydrazino 
groups (e.g., 4-benzenesulfonamidophenylhydrazino). 

[0041 ] The groups represented by R 1 may be substituted ones, with examples of the substituent being as exemplified 
for the substituent on R 2 . 

[0042] In formula (I), R 1 may be such a group as to induce cyclization reaction to cleave a G 1 -R 1 moiety from the 
30 remaining molecule to generate a cyclic structure containing the atoms of the -G 1 -R 1 moiety. Such examples are 
described in JP-A 29751/1988, for example. 

[0043] The hydrazine derivative of formula (I) may have incorporated therein a group capable of adsorbing to silver 
halide. Such absorptive groups include alkylthio, arylthio, thiourea, thioamide, mercapto heterocyclic and triazole 
groups as described in USP 4,385,108 and 4,459,347, JP-A 195233/1984, 200231/1984, 201045/1984, 201046/1984, 
35 201047/1984. 201048/1984, 201049/1984, 170733/1986. 270744/1986, 948/1987, 234244/1988, 234245/1988, and 
234246/1988. These adsorptive groups to silver halide may take the form of precursors. Such precursors are exempli- 
fied by the groups described in JP-A 285344/1990. 

[0044] R 1 and R 2 in formula (I) may have incorporated therein a ballast group or polymer commonly used in immobile 
photographic additives such as couplers. The ballast group is a group having at least 8 carbon atoms and relatively inert 

40 with respect to photographic properties. It may be selected from, for example, alkyl, aralkyl, alkoxy, phenyl, alkylphenyl, 
phenoxy, and alkylphenoxy groups. The polymer is exemplified in JP-A 100530/1989, for example. 
[0045] R 1 or R 2 in formula (0 may have a plurality of hydrazino groups as a substituent. In this case, the compounds 
of formula (I) are polymeric with respect to hydrazino group. Exemplary polymeric compounds are described in JP-A 
86134/1989, 16938/1992, 197091/1993, WO 95-32452 and 95-32453, Japanese Patent Application Nos. 

45 351 132/1995. 351269/1995, 351 168/1995, 351287/1995, and 351279/1995. 

[0046] R 1 or R 2 in formula (I) may contain a cationic group (e.g., a group containing a quaternary ammonio group and 
a nitrogenous heterocyclic group containing a quaternized nitrogen atom), a group containing recurring ethyleneoxy or 
propyleneoxy units, an (alkyl, aryl or heterocyclic) thio group, or a group which is dissociable with a base (e.g., carboxy, 
sulfo, acylsulfamoyl, and carbamoylsulfamoyl). Exemplary compounds containing such a group are described in, for 

50 example, in JP-A 234471/1995, 333466/1993, 19032/1994, 19031/1994, 45761/1993. 259240/1991, 5610/1995, and 
244348/1995, USP 4,994,365 and 4,988,604, and German Patent No. 4006032. 

[0047] In formula (I), each of A 1 and A 2 is a hydrogen atom, a substituted or unsubstituted alkyl- or arylsulfonyl group 
having up to 20 carbon atoms (preferably a phenylsulfonyl group or a phenylsulfonyl group substituted such that the 
sum of Hammette's substituent constants may be -0.5 or more), or a substituted or unsubstituted acyl group having up 
55 to 20 carbon atoms (preferably a benzoyl group, a benzoyl group substituted such that the sum of Hammette's substit- 
uent constants may be -0.5 or more, or a linear, branched or cyclic, substituted or unsubstituted, aliphatic acyl group 
wherein the substituent is selected from a halogen atom, ether group, sulfonamide group, carbonamide group, hydroxyl 
group, carboxy group and sulfo group). Most preferably, both A 1 and A 2 are hydrogen atoms. 
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[0048] The pref rable range of the hydrazine derivatives of the general formula (0 is described. 
[0049] In formula (I), R 2 is preferably phenyl, substituted alkyl of 1 to 3 carbon atoms or aromatic heterocyclic groups. 
[0050] Where R 2 represents phenyl or aromatic heterocyclic groups, preferred substituents thereon include nitro, 
cyano, alkoxy, alky I, acylamino, ureido, surfonamide, thioureido, carbamoyl, sulfamoyl, sulfonyl, carboxy (or salts 
thereof), sulfo (or salts thereof), alkoxycarbonyl, and chloro groups. 

[0051] Where R 2 represents substituted alkyl groups of 1 to 3 carbon atoms, it is more preferably substituted methyl 
groups, and further preferably di- or tri-substituted methyl groups. Exemplary preferred substituents on these methyl 
groups include methyl, phenyl, cyano, (alkyl, aryl or heterocyclic) thio, alkoxy, aryloxy, chloro, heterocyclic, alkoxycarb- 
onyl, aryloxycarbonyl, carbamoyl, suHamoyl, amino, acylamino, and sulfonamide groups, and especially, substituted or 
unsubstrtuted phenyl groups. 

[0052] Where R 2 represents substituted methyl groups, preferred examples thereof are t-butyl, dicyanomethyl, dicy- 
anophenylmethyl, triphenylmethyl (trityl), diphenylmethyl, methoxycarbortyldiphenylmethyl, cyanodiphenylmethyl, 
methylthiodiphenylmethyl, cyclopropyldiphenyl methyl groups, with trityl being most preferred. 

[0053] Where R 2 represents heterocyclic groups, preferred examples thereof are pyridine, quinoline, pyrimidine, tri- 

azine, benzthiazole, benzimidazole, and thiophene rings. 

[0054] Most preferably, R 2 in formula (I) represents substituted phenyl groups. 

[0055] In formula (I), ml is equal to 0 or 1. When ml is 0, R 1 represents aliphatic, aromatic or heterocyclic groups. 
When ml is 0, R 1 more preferably represents phenyl groups, substituted alkyl groups of 1 to 3 carbon atoms or alkenyl 
groups. Of these, the preferred ranges of the phenyl groups and the substituted alkyl groups of 1 to 3 carbon atoms are 
the same as the preferred range of R 2 . Where R 1 represents alkenyl groups, they are preferably vinyl groups, more pref- 
erably vinyl groups having one or two substituents selected from cyano, acyl, alkoxycarbonyl, nitro, trif luoromethyl and 
carbamoyl groups. Exemplary are 2,2-dicyanovinyl, 2-cyano-2-methoxycarbonyJ vinyl, and 2 -acetyl-2-ethoxycarbonyl vi- 
nyl groups. 

[0056] Preferably ml is equal to 1. 

[0057] Where R 2 is a phenyl or aromatic heterocyclic group and G 1 is -CO-, the groups represented by R 1 are pref- 
erably selected from hydrogen, alkyl, alkenyl, alkynyl, aryl and heterocyclic groups, more preferably from hydrogen, 
alkyl and aryl groups, and most preferably from hydrogen atoms and alkyl groups. Where R 1 represents alkyl groups, 
preferred substituents thereon are halogen, alkoxy, aryloxy, alkylthio, arylthio, hydroxy, sulfonamide, amino, acylamino, 
and carboxy groups. 

[0058] Where R 2 is a substituted methyl group and G 1 is -CO-, the groups represented by R 1 are preferably selected 
from hydrogen, alkyl, aryl, heterocyclic, alkoxy, and amino groups (including unsubstituted amino, alkylamino, arylamino 
and heterocyclic amino groups), more preferably from hydrogen, alkyl, aryl, heterocyclic, alkoxy, alkylamino, arylamio 
and heterocyclic amino groups. Where G 1 is -COCO-, independent of R 2 R 1 is preferably selected from alkoxy, aryloxy, 
and amino groups, more preferably from substituted amino groups, specifically alkylamino, arylamino and saturated or 
unsaturated heterocyclic amino groups. 

[0059] Where G 1 is -S0 2 -, independent of R 2 , R 1 is preferably selected from alkyl, aryl and substituted amino groups. 

[0060] In formula (I), G 1 is preferably -CO- or -COCO-, and most preferably -CO-. 

[0061] Illustrative, non-limiting, examples of the compound represented by formula (I) are given below. 
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Table 1 
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5 6 



^^^-SOaNH-^^-NHNH-C-R 



— '2 





R = 


-H 


-CF 2 H 


© 
CI 


-CONH-^NH 


8 


<p2 H 5 

3-CONHCH 2 CH-C 4 H 9 


8a 


8e 


8f 


8g 


9 


e-OCHa-a-CgHntf) 


9a 


9e 


9f 


9g 


10 


N=N 


10a 


10e 


10f 


log 


11 


3-NHCOCH 2 SCH'@ 

A, 


11a 


11e 


11f 


ng 


12 


N-N 

4-NHCOCH 2 -s4 >SH 

s 


12a 


12e 


12f 


12g 


13 


3-NHCOCH-C 8 H 17 
CH 2 COOH 


13a 


13e 


13f 


13g 


14 


3,5-fCONHCH 2 CH-C 4 H 9 )2 


14a 


14e 


14f 


14g 



16 



EP 0 897 130 A1 



Table 3 
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Table 7 
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Table 9 
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Table 11 
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Table 14 
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Table 15 
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Table 21 



Ar — NHNH — C — CHg— X 







Ar= X = 


-OH 


-SH 


-NHCOCF3 


-NHS0 2 CH 3 


•NHS0 2 ph 


-N(CH 3 ) S 


10 


124 


Q- 


124a 


124b 


124c 


124<j 


124e 


1241 




125 




125a 


125b 


12SC 


125d 


125e 


125f 


15 


126 


JDCH 3 


126a 


126b 


126c 


126d 


126e 


126f 


20 


127 




127a 


127b 


127c 


127d 


127e 


127f 




128 


C 6 H 13 SCH 2 CONH^^- 


128a 


128b 


128c 


128d 


128e 


128f 


25 


129 


\ SO z NH-^- 
SH 


129a 


129b 


129c 


129d 


129e 


129f 


30 


130 


IN 


130a 


130b 


130c 


130d 


130e 


130f 


35 


131 




131a 


131b 


131c 


131d 


131e 


131f 


40 


132 


o 


132a 


132b 


132C 


132d 


132e 


132f 


45 


133 


N-N 

h-s-4„?n 

l ^C0NHH^- 


133a 


133b 


133c 


133d 


133e 


133f 


50 1 


34 


CIv^jCOOH 


134a 


134b 


134c 


134d 


134e 


134* 



55 



34 



EP 0 897 130 A1 



Table 21 
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Table 22 
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[0062] The compounds of formula (I) may be used alone or in admixture of two or more. 

[0063] In addition to the above-described ones, the following hydrazine derivatives are also preferable for use in the 
practice of the invention. If desired, any of the following hydrazine derivatives may be used in combination with the 
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hydrazine derivatives of formula (I). The hydrazine derivatives which are used herein can be synthesized by various 
methods as described in the following patents. 

[0064] Exemplary hydrazine derivatives which can be used herein include the compounds of the chemical formula [1] 
in JP-B 77138/1994, more specifically the compounds described on pages 3 and 4 of the same; the compounds of the 

5 general formula (I) in JP-B 93082/1994, more specifically compound Nos. 1 to 38 described on pages 8 to 18 of the 
same; the compounds of the general formulae (4), (5) and (6) in JP-A 230497/1994, more specifically compounds 4-1 
to 4-10 described on pages 25 and 26, compounds 5-1 to 5-42 described on pages 28 to 36, and compounds 6-1 to 6- 
7 described on pages 39 and 40 of the same; the compounds of the general formulae (1) and (2) in JP-A 289520/1994, 
more specifically compounds 1-1 to 1-17 and 2-1 described on pages 5 to 7 of the same; the compounds of the chem- 

10 teal formulae [2] and [3] in JP-A 313936/1994, more specifically the compounds described on pages 6 to 19 of the 
same; the compounds of the chemical formula [1] in JP-A 313951/1994, more specifically the compounds described on 
pages 3 to 5 of the same; the compounds of the general formula (I) in JP-A 561 0/1 995, more specifically compounds I- 
1 to I-38 described on pages 5 to 10 of the same; the compounds of the general formula (II) in JP-A 77783/1995, more 
specifically compounds 11-1 to 11-102 described on pages 10 to 27 of the same; the compounds of the general formulae 

15 (H) and (Ha) in JP-A 104426/1995, more specifically compounds H-1 to H-44 described on pages 8 to 15 of the same; 
the compounds having an anionic group in proximity to a hydrazine group or a nonionic group capable of forming an 
intramolecular hydrogen bond with the hydrogen atom of hydrazine described in EP 713131 A, especially compounds 
of the general formulae (A), (B), (C), (D). (E), and (F), more specifically compounds N-1 to N-30 described therein; and 
the compounds of the general formula (1) in EP 7131 31 A, more specifically compounds D-1 to D-55 described therein. 

20 [0065] Also useful are the hydrazine derivatives described in "Known Technology," Aztech K.K., March 22, 1991, 
pages 25-34 and Compounds D-2 and D-39 described in JP-A 86354/1987, pages 6-7. 

[0066] In the practice of the invention, the hydrazine nucleating agent is used as solution in water or a suitable organic 
solvent. Suitable solvents include alcohols (e.g., methanol, ethanol, propanol, and fluorinated alcohols), Ketones (e.g., 
acetone and methyl ethyl ketone), dimethylformamide, dimethylsulfoxide and methyl cellosolve. 

25 [0067] A well-known emulsifying dispersion method is used for dissolving the hydrazine derivative with the aid of an 
oil such as dibutyl phthaiate, tricresyl phosphate, glyceryl triacetate or diethyl phthalate or an auxiliary solvent such as 
ethyl acetate or cyclohexanone whereby an emulsified dispersion is mechanically prepared. Alternatively, a method 
known as a solid dispersion method is used for dispersing the hydrazine derivative in powder form in water in a ball mill, 
colloidal mill or ultrasonic mixer. 

30 [0068] The hydrazine nucleating agent may be added to an image forming layer or any other layer on the image form- 
ing layer side of a support, and preferably to the image forming layer or a layer disposed adjacent thereto. 
[0069] The hydrazine nucleating agent is preferably used in an amount of 1x1 0" 6 mol to 1 mol, more preferably 1x10' 
5 mol to 5x10~ 1 mol, and most preferably 2x1 0" 5 mol to 2x10" 1 mol per mol of silver. 

[0070] In the thermographic recording element of the invention, a nucleation promoter may be added in combination 
35 with the hydrazine derivative. The nucleation promoter used herein includes amine derivatives, onium salts, disulfide 
derivatives, and hydroxylamine derivatives. 
[0071 ] Examples of the nucleation promoter are shown below. 



40 
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45 [0072] Other useful examples of the nucleation promoter include the compounds described in JP-A 77783/1 995, page 
48, lines 2-37, more specifically Compounds A-1 to A-73 described on pages 49-58 of the same; the compounds of the 
chemical formulae [21], [22] and [23] described in JP-A 84331/1995, more specifically the compounds described on 
pages 6-8 of the same; the compounds of the general formulae [Na] and [Nb] described in JP-A 104426/1995, more 
specifically Compounds Na-1 to Na-22 and Nb-1 to Nb-12 described on pages 16-20 of the same; the compounds of 

so the general formulae (1), (2), (3), (4), (5), (6) and (7) described in JP-A 37817/1995, more specifically Compounds 1-1 
to 1 -1 9, Compounds 2-1 to 2-22, Compounds 3-1 to 3-36. Compounds 4-1 to 4-5, Compounds 5-1 to 5-41 , Compounds 
6-1 to 6-58 and Compounds 7-1 to 7-38 described therein; and the nucleation promoters described in Japanese Patent 
Application No. 70908/1996. 

[0073] The nucleation promoter is preferably used in an amount of 1x10 -6 mol to 2x1 0" 2 mol, more preferably 1x10" 5 
55 mol to 2x1 0" 2 mol, and most preferably 2x1 0 -5 to 1x10" 2 mol per mol of silver. 
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Reducing agent 

[0074] The thermographic recording element of the invention contains a reducing agent. In one embodiment of the 
invention, a compound of the following general formula (A) is contained as the reducing agent in the thermographic 
recording element. 




FT FT 



[0075] Herein, R is hydrogen or alkyl groups having 1 to 10 carbon atoms such as -C 4 H 9 and 2,4,4-trimethylpentyl, 
R' and R" are alkyl groups having 1 to 5 carbon atoms such as methyl, ethyl and n-butyl. 
[0076] Illustrative, non-limiting examples of the compound of formula (A) are given below. 
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CH3 CH3 




CH3 CH3 



A-7 




[0077] The compound of formula (A) is preferably used in an amount of 1x10" 2 to 10 mol, more preferably 1x10" 2 to 
1 .5 mol per mol of silver. 

[0078] In another embodiment of the invention, compounds of the following general formulae (R-l), (R-II), (R-Ill) and 
(R-IV) are contained as the reducing agent in the thermographic recording element. 
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(R-I) 
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[0079] In formula (R-lll). Z forms a cyclic structure represented by the following formula (Z-1) or (Z-2). 




[0080] In formula (R-IV), Z forms a cyclic structure represented by the following formula (Z-3) or (Z-4). 

55 



41 



BP 0 897 130 A1 




[0081 ] In formulae (R-l) and (R-ll), each of L 1 and L 2 is a group -CH-^)-, -CH-fR^- or a sulfur atom, and n is a nat- 
ural number. 

20 [0082] Herein, R 1 to R 5 , R 6 , R 7 to R 10 . R t ' to R 5 \ R 6 ', R u to R 13 , R„' to R 13 ', R 21 to R 26 , R 21 ' to R 24 ' are hydrogen 
atoms, alkyl groups, aryl groups, araikyl groups, halogen atoms, amino groups or substituents represented by -OA, with 
the proviso that at least one of Ri to R 5 , at least one of R,' to R 5 \ and at least one of R 7 to R 10 each are a group rep- 
resented by -OA. In formula (R-ll), L 1 is a sulfur atom where at least one of to R 5 and at least one of R^ to R 5 ' are 
groups represented by -OA. Also, a plurality of substituents in each of R 1 to R 5 , R 7 to R 10 . R t f to R 5 \ R„ to R 13 , R^' 

25 to R 13 ', R 21 to R 26 , R 21 ' to R 24 \ taken together, may form a ring. 

[0083] A and A' each are a hydrogen atom, alkyl group having 1 to 30 carbon atoms, acyl group having 1 to 30 carbon 
atoms, aryl group, phosphate group or sulfonyl group. 

[0084] R 1 to R 5 , R 7 to R 10 , R^ to R 5 \ R u to R 13 , R^' to R 13 ', R 21 to Rse, R 21 ' to R 24 \ A and A' may be substituted 
groups while typical examples of the substituent include alkyl groups (including active methine groups), nitro groups, 

30 alkenyl groups, alkynyl groups, aryl groups, heterocyclic ring-containing groups, groups containing a quaternized nitro- 
gen atom-containing heterocyclic ring (e.g., pyridinio group), hydroxy groups, alkoxy groups (including groups contain- 
ing recurring ethyleneoxy or propyleneoxy units), aryloxy groups, acyloxy groups, acyl groups, alkoxycarbonyl groups, 
aryloxycarbonyl groups, carbamoyl groups, urethane groups, carboxyl groups, imido groups, amino groups, carbona- 
mide groups, sulfonamide groups, ureido groups, thioureido groups, sulfamoylamino groups, semicarbazide groups, thi- 

35 osemrcarbazide groups, hydrazino-containing groups, quaternary ammonio-containing groups, mercapto groups, 
(alkyl, aryl or heterocyclic) thio groups, (alkyl or aryl) sulfonyl groups, (alkyl or aryl) sulfinyi groups, sulfo groups, sulfa- 
moyl groups, acylsulfamoyl groups, (alkyl or aryl) sulfbnylureido groups, (alkyl or aryl) sulfonylcarbamoyl groups, halo- 
gen atoms, cyano groups, phosphoramide groups, phosphate structure-containing groups, acylurea structure-bearing 
groups, selenium or tellurium atom-containing groups, and tertiary or quaternary sulfbnium structure-bearing groups. 

40 These substituents may be further substituted, with preferred examples of the further substituent being the same as the 
foregoing substituents. 

[0085] Illustrative, non-limiting, examples of the compounds represented by formulae (R-l), (R-ll), (R-NI) and (R-IV) 
are given below. 
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Table 23 
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TMB : 1,3,3- tr imethy Ibuty 1 group 
CPen: cyclopentyl group 
CHex: cyclohexyl group 
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[0086] The reducing agents represented by the general formulae (R-l) to (R-IV) are preferably used In amounts of 
1x10" 3 to 10 mol, more preferably 1x1 0" 2 to 1.5 mol per mol of silver. 
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[0087] The compounds of formula (A) and th compounds of formulae (R-l) to (R-IV) may be used alon or in admix- 
ture. When they are used in admixtur , the auxiliary reducing agent and the main reducing agent are preferably used 
in a molar ratio between 1/1000 and 1/1, more preferably between 1/100 and 1/1. 

[00881 Trie thermographic recording element according to the invention is processed by a heat development process 
s to form photographic images. As described in the preamble, photothermographic elements which constitute one 
embodiment of the invention are disclosed in USP 3.152,904 and 3,457,075, D. Morgan and B. Shely. "Thermally Proc- 
essed Silver Systems" in "Imaging Processes and Materials," Neblette, 8th Ed., Sturge, V. Walworth and A. Shepp Ed., 
page 2, 1969. 

[0089] The thermographic recording element of the invention which forms photographic images through heat devel- 
10 opment preferably contains a reducible silver source (e.g., organic silver salt), a catalytic amount of a photocatalyst 
(e.g., silver halide), a toner for controlling the tone of silver, and a reducing agent, typically dispersed in a binder (typi- 
cally organic binder) matrix. Although the photothermographic material is stable at room temperature, it is developed 
merely by heating at an elevated temperature (e.g., 80°C or higher) after exposure, that is, without a need for a process- 
ing solution. Upon heating, redox reaction takes place between the reducible silver source (functioning as an oxidizing 
is agent) and the reducing agent to form silver. This redox reaction is promoted by the catalysis of a latent image produced 
by exposure. Silver formed by reaction of the organic silver salt in exposed regions provides black images in contrast to 
unexposed regions, forming an image. 

[0090] The thermographic recording element of the invention has at least one image forming layer, typically a photo- 
sensitive layer, on a support. It is acceptable to form only an image forming layer such as a photosensitive layer on a 
20 support although it is preferred to form at least one image protective layer such as a non-photosensitive layer on the 
image forming layer such as the photosensitive layer. 

[0091] In the photothermographic elements which constitute the preferred embodiment of the invention, in order to 
control the quantity or wavelength distribution of light transmitted to the photosensitive layer, a filter layer may be formed 
on the same side as or on the opposite side to the photosensitive layer, or a dyestuff or pigment may be contained in 
25 the photosensitive layer. The dyestuff used to this end is preferably selected from the compounds described in Japa- 
nese Patent Application No. 1 1 1 84/1 995. 

[0092] The photosensitive layer serving as the image forming layer may consist of two or more strata. Also a combi- 
nation of high/low sensitivity strata or low/high sensitivity strata may be used for the adjustment of gradation. 
[0093] Various additives may be added to any of the image forming layer (typically photosensitive layer), non-image- 
30 forming layer (typically non-photosensitive layer), and other layers. 

[0094] In the thermographic recording element of the invention, various additives such as surfactants, antioxidants, 
stabilizers, plasticizers, UV absorbers, and coating aids may be used. 

Binder 

35 

[0095] A binder is used to hold such additives. It is preferably transparent or semi-transparent and generally colorless. 
Exemplary binders are naturally occurring polymers, synthetic resins, polymers and copolymers, and other film-forming 
media, for example, gelatin, gum arabic, poly(virtyl alcohol), hydroxyethyl cellulose, cellulose acetate, cellulose acetate 
butyrate, poly(vinyl pyrrolidone), casein, starch, poiy(acrylic acid), poly(methyl methacrylate), polyvinyl chloride, 

40 poly(methacrylic acid), copoly(styrene-maleic anhydride), copolyfstyrene-acrylonitrile), copoly(styrene-butadiene), 
polyvinyl acetals) (e.g., polyvinyl formal) and poly(vinyl butyral)), polyesters, polyurethanes, phenoxy resins, 
poly(vinylidene chloride), polyepoxides, polycarbonates, poly(vinyl acetate), cellulose esters, and polyamides. The 
binder may be dispersed in water, organic solvent or emulsion to form a dispersion which is coated to form a layer. 
[0096] At least one layer of the image-forming layers used herein may be an image forming layer wherein a polymer 

45 latex constitutes more than 50% by weight of the entire binder. This image forming layer is sometimes referred to as 
"inventive image-forming layer" and the polymer latex used as the binder therefor is referred to as "inventive polymer 
latex," hereinafter. The term "polymer latex" used herein is a dispersion of a microparticulate water-insoluble hydropho- 
bic polymer in a water-soluble dispersing medium. With respect to the dispersed state, a polymer emulsified in a dis- 
persing medium, an emulsion polymerized polymer, a micelle dispersion, and a polymer having a hydrophilic structure 

so in a part of its molecule so that the molecular chain itself is dispersed on a molecular basis are included. With respect 
to the polymer latex, reference is made to Okuda and Inagaki Ed., "Synthetic Resin Emulsion," Kbbunshi Kankokai, 
1978; Sugimura, Kataoka, Suzuki and Kasahara Ed., "Application of Synthetic Latex," Kbbunshi Kankokai, 1993; and 
Muroi, "Chemistry of Synthetic Latex." Kobunshi Kankokai, 1970. Dispersed particles should preferably have a mean 
particle size of about 1 to 50,000 nm, more preferably about 5 to 1 ,000 nm. No particular limit is imposed on the particle 

55 size distribution of dispersed particles, and the dispersion may have either a wide particle size distribution or a mono- 
disperse particle size distribution. 

[0097] The inventiv polymer latex used herein may be either a latex of the conventional uniform structure or a latex 
of the so-called core/shell type. In the latter case, better results are sometimes obtained when the core and the shell 
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have different glass transition temperatures. 

[0098] The inventive polymer latex should preferably hav a minimum film-forming temperature (MFT) of about -30°C 
to 90°C, more preferably about 0°C to 70°C. A film-forming aid may be added in order to control the minimum film-form- 
ing temperature. The film-forming aid is also referred to as a plasticizer and includes organic compounds (typically 
5 organic solvents) for lowering the minimum film-forming temperature of a polymer latex. It is described in Muroi, "Chem- 
istry of Synthetic Latex," Kbbunshi Kankokai. 1970. 

[0099] Polymers used in the inventive polymer latex according to the invention include acrylic resins, vinyl acetate res- 
ins, polyester resins, poiyurethane resins, rubbery resins, vinyl chloride resins, vinylidene chloride resins, polyolef in res- 
ins, and copolymers thereof. The polymer may be linear or branched or crosslinked. The polymer may be either a 
10 homopolymer or a copolymer having two or more monomers polymerized together. The copolymer may be either a ran- 
dom copolymer or a block copolymer. The polymer preferably has a number average molecule weight Mn of about 
5,000 to about 1 ,000,000, more preferably about 10,000 to about 100,000. Polymers with a too lower molecular weight 
would generally provide a low film strength after coating whereas polymers with a too higher molecular weight are dif- 
ficult to form films. 

is [01 00] The polymer of the inventive polymer latex should preferably have an equilibrium moisture content at 25°C and 
RH 60% of up to 2% by weight, more preferably up to 1% by weight. The lower limit of equilibrium moisture content is 
not critical although it is preferably 0.01% by weight, more preferably 0.03% by weight. With respect to the definition and 
measurement of equilibrium moisture content, reference should be made to "Polymer Engineering Series No. 14, Pol- 
ymer Material Test Methods," Edited by Japanese Polymer Society, Chijin Shokan Publishing K.K., for example. 

20 [0101] Illustrative examples of the polymer latex which can be used as the binder in the image-forming layer of the 
thermographic image recording element of the invention include latices of methyl methacrylate/ethyl acrylate/meth- 
acrylic acid copolymers, latices of methyl methacrylate/2-ethylhexyl acrylate/styrene/acrylic acid copolymers, latices of 
styrene/butadiene/acrylic acid copolymers, latices of styrene/butadiene/divinyl benzene/methacrylic acid copolymers, 
latices of methyl methacrylate/vinyl chloride/acrylic acid copolymers, and latices of vinylidene chloride/ethyl acr- 

25 ylate/acrylonitrile/methacrylic acid copolymers. These polymers or polymer latices are commercially available. Exem- 
plary acrylic resins are Sebian A-4635, 46583 and 4601 (Daicell Chemical Industry K.K.) and Nipol LX811, 814, 820, 
821 and 857 (Nippon Zeon K.K.). Exemplary polyester resins are FINETEX ES650, 61 1 , 675, and 850 (Dai-Nippon Ink 
Chemical K.K.) and WD-size and WMS (Eastman Chemical Products, Inc.). Exemplary poiyurethane resins are 
HYDRAN AP10, 20, 30 and 40 (Dai-Nippon Ink Chemical K.K.). Exemplary rubbery resins are LACSTAR 7310K, 

30 3307B, 4700H and 7132C (Dai-Nippon Ink Chemical K.K.) and Nipol LX416, 410, 438C and 2507 (Nippon Zeon K.K.). 
Exemplary vinyl chloride resins are G351 and G576 (Nippon Zeon K.K.). Exemplary vinylidene chloride resins are L502 
and L513 (Asahi Chemicals K.K.). Exemplary olefin resins are Chemipearl S120 and SA100 (Mitsui Petro-Chemical 
K.K.). These polymers may be used alone or in admixture of two or more. 

[0102] In the inventive image-forming layer, the polymer latex described above is preferably used in an amount of at 
35 least 50% by weight, especially at least 70% by weight, of the entire binder. In the inventive image-forming layer, a 
hydrophilic polymer may be added in an amount of less than 50% by weight of the entire binder. Such hydrophilic pol- 
ymers are gelatin, polyvinyl alcohol, methyl cellulose, hydroxypropyl cellulose, carboxymethyl cellulose, and hydroxy- 
propyl methyl cellulose. The amount of the hydrophilic polymer added is preferably less than 30% by weight of the entire 
binder in the image-forming layer. 
40 [0103] The inventive image-forming layer is preferably formed by applying an aqueous coating solution followed by 
drying. By the term "aqueous", it is meant that water accounts for at least 30% by weight of the solvent or dispersing 
medium of the coating solution. The component other than water of the coating solution may be a water-miscible 
organic solvent such as methyl alcohol, ethyl alcohol, isopropyl alcohol, methyl cellosolve, ethyl cellosolve, dimethylfor- 
mamide or ethyl acetate. Exemplary solvent compositions include water, a 90/10 or 70/30 mixture of water/methanol. a 
45 90/10 mixture of water/ethanol, a 90/10 mixture of water/isopropanol, a 95/5 mixture of water/dimethyl-formamide, a 
80/15/5 or 90/5/5 mixture of water/methanol/dimethylformamide, all expressed in a weight ratio. The method described 
in USP 5,496,695 is also useful. 

[0104] In the inventive image-forming layer, the total amount of binder is preferably 0.2 to 30 g/m 2 , more preferably 1 
to 15 g/m 2 per layer. To the image forming layer, crosslinking agents for crosslinking, surfactants for ease of application, 

so and other addenda may be added. 

[0105] Addition of toners is quite desirable. Preferred toners are disclosed in Research Disclosure No. 1 7029. Exem- 
plary toners include imides such as phthalimide; cyclic imides such as succinimide, pyrazoline-5-ones, quinazolinone, 
3-phenyl-2-pyrazoline-5-one, 1 -phenylurazol quinazoline and 2,4-thiazolizinedione; naphthalimides such as N-hydroxy- 
1 ,8-naphthalimide; cobalt complexes such as cobalt hexamine trif luoroacetate; mercaptans such as 3-mercapto-1 ,2,4- 

55 triazole; N-(aminomethyl)aryfdicarboxyimides such as N-(dimethylaminomethyl)phthalimide; combinations of a blocked 
pyrazole, an isothiuronium derivative and a certain optical bleaching agent such as a combination of N.N'-hexamethyl- 
enebis(1 -carbamoyl-3,5-dimethylpyrazole), 1 .8-(3,6-dioxaoctane)bis(isothiuroniumtrrf luoroacetate) and 2-tribro- 
momethylsulfbnyl-benzothiazole; merocyanine dyes such as 3-ethyl-5-{(3-ethyl-2-benzothiazolinylidene)-1 - 
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methylethylidene}-2-thio-2,4-oxazolidinedion ; phthalazinones, phthalazinone derivatives or metal salts thereof such 
as 4-(1-naphthvl)phthala2inone, 6-chlorophthalazinone, 5,7-dimethyloxyphthala2inone and 2,3-dihydro-1 4-phthalazin- 
edjone; combinations of phthalazinones with sulfinic acid derivatives such as a combination of 6-chlorophthalazinone 
with sodium benzenesulfinate and a combination of 8-methyiphthalazinone with sodium p-trisulfonate; combinations of 
phthalazmes with phthalic add; combinations of phthalazines (inclusive of phthalazine adducts) with maleic anhydride 
and at least one of phthalic acid, 2,3-naphmalenedicarboxylic acid and o^henylenic acid derivative and anhydrides 
thereof (e.g., phthalic add, 4-methylphthalic add, 4-nitrophthalic acid, and tetrachlorophthalic anhydride); quinazoline- 
diones. benzoxazme, and naphthoxazine derivatives; benzoxazine-2 t 4-diones such as 1 ,3-benzoxazine-2,4-dione- pyri- 
midine and asym-triazines such as 2,4-dihydroxypyrimidine; and tetraazapentalene derivatives such as' 3 6- 
dimercapto-1 ,4-diphenyM H,4H-2,3a,5,6a-tetraazapentalene. Phthalazones are preferred toners. 
[0106] The silver halide which is useful as a catalytic amount of photocatalyst in the photothermographic element 
according to the preferred embodiment of the invention may be selected from photosensitive silver halides such as sil- 
ver bromide, silver iodide, silver chloride, silver chlorobromide, silver iodobromide, and silver chloroiodobromide with 
an iodide ion being preferably contained. The silver halide may be added to the image forming layer by any desired 
method whereupon the silver halide is disposed dose to the reducible silver source. In general, the silver halide is pref- 
erably contained in an amount of 0.75 to 30% by weight based on the reducible silver source. The silver halide may be 
prepared by converting a silver soap moiety through reaction with a halide ion, or by preforming silver halide and adding 
it upon generation of a soap, or a combination of these methods. The latter method is preferred. 
[01 07] The redudble silver source is preferably selected from silver salts of organic and hetero-organic adds contain- 
ing a reducible silver ion source, espedally silver salts of long chain aliphatic carboxylic acids having 10 to 30 carbon 
atoms, especially 15 to 25 carbon atoms. Also preferred are complexes of organic or inorganic silver salts with ligands 
having an overall stability constant to silver ion in the range of 4.0 to 10.0. Preferred examples of the silver salt are 
described in Research Disdosure Nos. 17029 and 29963. Included are silver salts of organic acids (e.g. gallic add 
oxalic aad, behenic acid, stearic add, palmitic add. and lauric acid); silver salts of carboxyaltythioureas (e g 1 -(3-car- 
boxypropyl)th.ourea and 1-(3-carboxypropyl)-3,3-dimethylthiourea); silver complexes of polymeric reaction products of 
aldehydes and hydroxy-substituted aromatic carboxylic acids (exemplary aldehydes are formaldehyde, acetaldehyde 
and butylaldehyde and exemplary hydroxy-substituted acids are salicylic acid, benzoic add, 3,5-dihydroxybenzoic add 
and 5,5-thiodisalicylic acid); silver salts or complexes of thioenes (e.g., 3-(2-carboxyethy0-4-hydroxymethyl-4-(thiazo- 
line-2-thioene and 3-carboxymethyl-4-thiazoline-2-thioene); silver complexes or salts of nitrogenous acids such as imi- 
dazoles, pyrazoles. urazoles. 1 ,2.4-thiazoles. 1 H-tetrazoles, 3-amino-5-benzyHhio-1 ( 2,4-triazoles, and benzotriazoles- 
silver salts of saccharin and 5-chlorosalicylaldoxime; and silver salts of mercaptides. The preferred silver source is silver 
behenate. The reducible silver source is preferably used in an amount of up to 3 g/m 2 , more preferably up to 2 g/m 2 of 
silver. The lower limit is usually 0. 1 g/m 2 , though not critical. 

[01 08] An antifoggant may be contained in the thermographic recording element according to the invention The most 
effective antifoggant was mercury ion. Use of a mercury compound as the antifoggant in photosensitive material is dis- 
closed, for example, in USP 3,589,903. Mercury compounds, however, are undesirable from the ecological aspect Pre- 
ferred in this regard are non-mercury antifbggants as disclosed, for example, in USP 4,546,075 and 4 452 885 and JP- 
A 57234/1 984. 

[01 09] Especially preferred non-mercury antifbggants are compounds as disclosed in USP 3,874.946 and 4,756 999 
and heterocyclic compounds having at least one substituent represented by -C(X 1 )(X 2 )(X 3 ) wherein X 1 and X 2 ' are hal- 
ogen atoms such as F, CI, Br, and I, and X 3 is hydrogen or halogen. Preferred examples of the antifoggant are shown 
below. 
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25 SSL.Hl StiX,*"™"* ^ dfed ° Sed jn USP 5 ' 028 - 523 ' ^ *«« App.icaton No, 92221383.4. 

em Application No. 189532/1991 toS^r itaW Vm * T N °' 938 ' 071 " and Japanese Pat ~ 

62425/1975. 18726/1979 and 102229/19^t p J ' ® !'- nucleus c y anine as described in JP-A 

103272/1994 StSSmlUS fcSSISJ Sf Z^"^ " ^P*" 6 * 6 Patent A"** 10 " N °' 

39818/1980. JP-A28^S7aS^5T 3 ^SST^^ neS 38 d " Crlbed JP " B 4217 ^973. 9609/1976. 
(D) tricartxJcyanines^eswSedS Sa^i^U^ aoSi!^^ [^semiconductor laser light sources: and 
cyanines as described in JP-A °££wi£J 13 eJSLS ^ ^t^" 0 "" 6 nud *««****0 dicarbo- 
irrfrared semiconductor .aser lighisources e^ 1 *" (as represented by formulae (Ilia) and (1Mb) therein) for 
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aluminum alloys, zinc, iron and copper), paper sheets and plastic films having such metals laminated or evaporated 
thereon. 

[0118] When plastic film is passed through a thermographic processor, the film experiences dimensional shrinkage 
or expansion. When the thermographic recording element is intended for printing purposes, this dimensional shrinkage 
or expansion gives rise to a serious problem against precision multi-color printing. Therefore, the invention favors the 
use of a film experiencing a minimal dimensional change. Exemplary materials are styrene polymers having a syndio- 
tactic structure and heat-treated polyethylene. Also useful are materials having a high glass transition temperature, for 
example, polyether ethyl ketone, polystyrene, polysulfone, polyether suifone, and polyarylate. 

E XAMPLE 

[01 19] Examples of the invention are given below by way of illustration and not by way of limitation. 
[01 20] The trade names used in Examples have the following meaning. 

Denka Butyral: polyvinyl butyral by Denki Kagaku Kogyo K.K. 

CAB 171-15S: cellulose acetate butyrate by Eastman Chemical Products, Inc. 

Sildex: spherical silica by Dokai Chemical K.K. 

Sumidur N3500: polyisocyanate by Sumitomo-Bayern Urethane K.K. 

Megafax F-176P: fluorinated surfactant by Dai-Nippon Ink Chemicals K.K. 

LACSTAR 3307B: styrene-butadiene rubber (SBR) latex by Dai-Nippon Ink Chemicals K.K. The polymer has an 
equilibrium moisture content of 0.6 wt% at 25°C and RH 60% and the dispersed particles have a mean particle 
diameter of about 0.1 to 0. 15 nm. 

Example 1 

Organic silver salt emulsion A 

[01 21 ] To 1 2 liters of water were added 840 grams of behenic acid and 95 grams of stearic acid. To the solution kept 
at 90°C, a solution of 48 grams of sodium hydroxide and 63 grams of sodium carbonate in 1 .5 liters of water was added. 
The solution was stirred for 30 minutes and then cooled to 50°C whereupon 1.1 liters of a 1% aqueous solution of N- 
bromosuccinimide (C-12) was added. With stirring, 2.3 liters of a 17% aqueous solution of silver nitrate was slowly 
added. While the solution was kept at 35°C, with stirring, 1 .5 liters of a 2% aqueous solution of potassium bromide was 
added over 2 minutes. The solution was stirred for 30 minutes whereupon 2.4 liters of a 1% aqueous solution of N-bro- 
mosuccinimide was added. With stirring, 3,300 grams of a solution containing 1.2% by weight of polyvinyl acetate in 
butyl acetate was added to the aqueous mixture. The mixture was allowed to stand for 10 minutes, separating into two 
layers. After the aqueous layer was removed, the remaining gel was washed twice with water. There was obtained a 
gel-like mixture of silver behenate/stearate and silver bromide, which was dispersed in 1,800 grams of a 2.6% 2- 
butanone solution of polyvinyl butyral (Denka Butyral #3000-K). The dispersion was further dispersed in 600 grams of 
polyvinyl butyral (Denka Butyral #4000-2) and 300 grams of isopropyl alcohol, obtaining an organic acid silver salt emul- 
sion of needle grains having a mean minor diameter of 0.05 jim, a mean major diameter of 1.2 jim, and a coefficient of 
variation of 25%. 

Emulsion layer cpatipq solution A 

[01 22] The following chemicals were added to the above-prepared organic acid silver salt emulsion A in amounts per 
mol of silver. With stirring at 25°C, 10 mg of sodium phenylthiosulfonate, 20 mg of Sensitizing Dye A, 25 mg of Sensi- 
tizing Dye B, 15 mg of Sensitizing Dye C, 2 grams of 2-mercapto-5-methylbenzimidazole (C-1). 1 gram of 2-mercapto- 
5-methylbenzothiazole (C-2), 21.5 grams of 4-chlorobenzophenone-2-carboxyiic acid (C-3), 580 grams of 2-butanone 
and 220 grams of dimethylformamide were added to the emulsion, which was allowed to stand for 3 hours. With stirring. 
4.5 grams of 4,6-ditrichloromethyl-2-phenyltriazine (C-4), 2 grams of Disulfide compound A, 160 grams of 1,1-bis(2- 
hydroxy-3,5-dimethylphenyi)-3,5,5-trimethylhexane (C-5), 1 5 grams of phthalazine (C-6), 5 grams of tetrachlorophthalic 
acid (C-7), an amount of a hydrazine derivative as shown in Table 30, an amount of a compound of formula (1) to (14) 
or a comparative compound as shown in Table 30, 1.1 grams of fluorinated surfactant Megafax F-176P. 590 grams of 
2-butanone, and 10 grams of methyl isobutyl ketone were added to the emulsion. 

Emulsion surface protective layer coating solution A 

[0123] A coating solution A for an emulsion layer surface protective layer was prepared by dissolving 75 grams of cel- 
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Preparati on of coated sam ple 

i«l 4 L A 5 SCk 'f y f °°^ 9 S °' Uti0n W8S prepared bv """W 6 9 rams °f Polyvinyl butyral Denka Butyral #4000-2 0 2 
gram of spherical silica S.ldex H121 (mean size 12 m ). 0.2 gram of spherical silica SiWex HSlTmeanSzeTL a^ 
a I gram of Megafax F-1 76P to 64 grams of 2-propanol and mixing them into a solution. SS£ 7S!£ta2 
thvrt •vs s fr^^fh^ i • " ^ ranls °* niethanol and 20 grams of acetone and a solution of 0. Ingram of T-fe^yanatome- 
' « methylhexyl "W* in 6 of ethyl acetate were added to the solution 'socyanatome 
^^S^Sr2^^ m h l Vin9 8 mois,ur ^ roo, of vinylidene chloride on either surface 

ZIT nnZ* * J? ,h6 baCk SUrtaCe coating sollrtion 80 as 10 S ive an optical density of 0.7 at 633 nm 

Hf JSr^JTT ? PPOrt th6 emulSi0n layer ooaan " solution was ooated so as to give a coveraJTof 2 

Te a d^h^l «f °^ ayer Pr0teCfi ^ ' ayer COatin9 S0,Ut0n WSS «*«• 0" the emulsion layer so as to 
give a ary thickness of 5 nm, obtaining a coated sample. 

E "J^JZTJ 1 ^ compounds used in this Example are shown below by structural formulae. They are also used in 
SJSSn S convenience, the structural formulae of compounds used in Examples 2^d 7 Je 
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Photographic property test 

[0128] The recording element samples prepared above were exposed by means of a helium-neon light source color 
scanner SQ-608 (by Dai-Nippon Screen K.K.) and heated for development at 115°C for 25 seconds on a heat drum. 
They were further exposed to a halogen lamp for 1 5 seconds. The resulting images were determined for Dmax and sen- 
sitivity by a densitometer. The sensitivity (S) is the reciprocal of a ratio of the exposure providing a density of Dmin + 
1 .5. The gradient of a straight line connecting points of density 0.3 and 3.0 on a characteristic curve is also reported as 
gradation (y). The results are shown in Table 30. 



[0129] The unexposed recording element samples were heated for development at 120°C for 60 seconds on a heat 
drum. By visually observing the number of black peppers generated, the samples were rated on a 5-point scale with "5" 
for best quality and "1 " for worst quality. Rating "3" is the practically acceptable limit, and samples rated "2" and "1" are 
unacceptable. The results are shown in Table 30. 
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Table 3 0 



Addition 
amount 
Hydrazine (mol/mol 
compound of Ag) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



1* 

2* 
3* 
4* 
5* 
6* 
7* 
8* 
9* 
10* 
11* 
12* 
13* 
14* 
15* 
16* 
17* 
18* 
19* 
20* 
21* 
22** 
23** 
24** 
25** 
26** 
27** 
28** 
29** 
30** 
31** 
32** 
33** 
34** 
35** 
36** 
37** 
38** 
39** 



Addition 
Substituted amount 
alkene (mol/mol Emax 

derivative of Ag) 



la 
54a 
56a 
5 6m 
58a 
66a 
95-1 
104x 
106-10 
118 
la 
54a 
56a 
5 6m 
58a 
66a 
95-1 
104x 
106-10 
118 
la 
54a 
56a 
56m 
58a 
66a 
95-1 
104x 
106-10 . 
118 



la 
54a 
56a 
5 6m 
58a 
66a 
95-1 
104x 



2 .4X10° 
2.0X10° 
1.8X1(T 3 
7.2X10° 
1.4X10° 
8.0X10° 
6.0X10° 
1.8X10° 
9 . 0X10" 3 
9.5X10° 
2.4X10° 
2.0X10° 
1.8X10° 
7.2X10° 
1.4X10° 
8.0X10° 
6.0X10° 
1.8X10° 
9.0X10° 
9.5X10° 
2.4X10° 
2.0X10° 
1.8X10° 
7.2X10° 
1.4X10° 
8.0X10° 
6.0X10° 
1.8X10° 
9.0X10° 
9.5X10° 
2.4X10° 
2 .0X10° 
1.8X10° 
7.2X10° 
1.4X10° 
8.0X10° 
6.0X10° 
1.8X10° 



VC-1 

VC-1 

VC-1 

VC-1 

VC-1 

VC-1 

VC-1 

VC-1 

VC-1 

VC-1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

63 

63 

63 
63 
63 
63 
63 
63 



1.9X10° 
1. 6X10° 
1.4X10° 
5.8X10° 
1.1X10° 
6.4X10° 
4.8X10° 
1.4X10° 
7.2X10° 
7.6X10° 
,7X10° 
.4X10° 
.3X10" : 
0X10° 
0X10° 
.6X10° 
.2X10° 
3X10° 
6 .3X10° 
6.7X10° 
1.7X10° 
1.4X10° 
1.3X10° 
5.2X10° 
1 .0X10° 
5.8X10° 
4 .3X10° 
1.3X10° 



2 
3 
3 
3 
3 
3 
3 
3 
3 

3 , 
3 . 

3 . 
4. 
4. 
3. 

4 . 
3 
3 
3 
3 
3 



6 
4 
8 
8 
6 
. 9 
.5 
. 7 
. 5 
. 6 
.4 
. 6 
. 0 
. 0 
.8 
1 
7 
9 
7 
8 
6 



0 
1 
1 
1 

1 , 
1 . 
1 . 



. 80 
.16 
30 
30 
23 
33 
20 



1 . 
1 . 
1 . 
5. 
1 , 
5 , 
4 . 
1 



4.1 
4 . 6 



. 6 
.3 
.7 
.2 
.4 
.2 
.3 
. 1 
. 1 
, 5 
5 
3 
7 
2 
4 
2 



1 
1 
1 
1 
1 
1 
1 
1 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 
1 
1 
1 
1 



1.27 
1.20 
1.23 
1.16 
1.22 
37 
37 
29 
40 
.26 
.33 
.26 
.29 
.22 
.40 
.56 
.56 
.48 
. 60 
44 
52 
44 
48 
40 
39 



12.1 
13 . 6 
13 .6 

12 . 9 

13 .9 

12 .5 

13 .2 
12 .5 
12.9 
12 . 1 
12 . 3 



14 
14 
13 
14 
13 , 
13 . 
13 . 
13 . 



12 . 8 
14 . 6 



16.3 
16.3 
15.4 
16.7 



1.55 
1.55 
47 
59 
43 
51 
43 



15 
15 
15 
15 
14 

14.5 
16.2 
16.2 
15.4 
16.6 

14 . 9 

15 . 3 
14 . 9 



black 
pepper 

5 

2 

3 

3 

2 

3 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

2 

3 

2 

3 

2 

4 

5 

5 

5 

5 

4 

5 

4 

5 

4 

4 

5 

5 

5 

5 

4 

5 

4 
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Table 30 (cont'd) 



Addition 
amount 



Addition 
Substituted amount 



15 



20 



25 



30 



35 



40 



45 



50 





Hydrazine (mol/mol 
compound of Ag) 


alkene 
derivative 


(mol/mol 
of Ag) 


Dmax 




S 


7 




black 
pepper 


40** 


10 6-10 


9 




63 


c 




4 


. 3 


1 


.47 


15. 


4 


5 


41** 


1 1 Q 
X X o 


Q 




63 


c. 
o 


o X 1 O"' 
. O AiU 


A 
*» 


i 

• A 


1 


.39 


14 . 


5 


4 


42** 


x a 






7 


1 


c v i A"- 
. 0 A 1 U 


A 

4 


A 

. u 


1 


.38 


14 . 


4 


4 


43** 


5 4a 


2 


.0X10 


7 


1 


.4X10"' 


4 


. 5 


1 


. 54 


16 . 


1 


5 


44 * ★ 


56a 


1 


.8X10' 1 


7 


1 


. 2 X 10" ] 


4 


. 5 


1 


. 54 


16 . 


1 


5 


45** 


5 6m 


7 


.2X10° 


7 


4 


. 9X10" : 


f 4 


.3 


1 


.46 


15 . 


2 


4 • 


46** 


58a 


1 


.4X10° 


7 


1 


. 0X10* : 


4 


. 6 


1 


. 58 


16 . 


5 


5 


47** 


66a 


8 


.0X10" 3 


7 


5 


.4X10- 


1 4 


. 1 


1 


. 42 


14 . 


8 


4 


48** 


95-1 


6 


.0X10° 


7 


4 


.1X10" 3 


4 


. 4 


1 


.50 


15 . 


7 


5 


49** 


104x 


1 


.8X10" 3 


7 


1 


.2X10" : 


4 


. 1 


1 


.42 


14 . 


8 


4 


50** 


106-10 


9 


.0X10" 3 


7 


6 


.1X10* : 


4 


.3 


1 


.46 


15 . 


2 


4 


51* * 


118 


9 


.5X10' J 


7 


6 


.5X10* : 


4 


.0 


1 


. 3 8 


14 . 


4 


4 


CO ★ ★ 


la 


2 


.4X10° 


i 4 


1 


,7X10" : 


4 


. 0 


X 


. j / 


1 A 


c 
o 


A 


C "3 * * 


54a 


2 


. OX10" 3 


1 4 


1 


.4X10"- 


4 


. 6 


1 


. b o 


lo . 


U 


b 


54** 


5 6a 


1 


.8X1 0" 3 


14 


1 


,3X10'* 


4 


. 6 


1 


. 53 


16 . 


0 


5 


55** 


D Dill 




. & s>> ± U 


14 






** 


9 
. ^ 


1 


. 45 


15 . 


1 


4 


56** 


boa 


1 


. 4x10" 


14 


1 


. 0x10" 


A 

4 


. b 


1 


. 57 


16 . 


4 


5 


57** 


C C s 

boa 


o 
O 


. 0x10" 


14 


b 


. bXlO 


4 


. 1 


1 


.41 


14 . 


7 


4 


58** 


y b -l 


a 
O 


. 0x10" 


14 


4 


. 3x10" 


A 

4 


A 

. 4 


1 


.49 


15 . 


6 


5 


59** 


1U4X 


1 


. 8X10 


14 


1 


. ixiu 


4 


. 1 


1 


.41 


14 . 


7 


4 


60** 


1 U o - 1 U 


Q 


. 0x10" 


14 


c 
6 


. 5x10 


4 


. 2 


1 


.45 


15 . 


1 


4 


61** 


1 1 Q 


9 


. 5x10" 


14 


6 


. OXlO 


A 

4 


. U 


1 


.37 


14 . 


3 


4 


62** 


i a 


z 


A v 1 A " ^ 

. 4X1 O 


37 


1 


. 0X1 U 


4 


n. 


1 


.38 


14 . 


4 


4 


63** 


b 4a 


2 


. OxlO" 3 


37 


1 


. 4x1 0" 


A 

4 


. b 


1 


. 55 


16 . 


1 


5 


64** 


56a 


1 


. 8xl0" 3 


37 


1 


.2xl0* 3 


4 


. 5 


1 


. 55 


16 . 


1 


5 


65** 


5 6m 


7 


. 2xl0" 3 


37 


4 


. 9xl0" 5 


•4 


.3 


1 


.46 


15 . 


3 


4 


66** 


58a 


1 


.4xl0" 3 


37 


1 


. OxlO" 3 


4 


. 6 


1 


.59 


16 . 


6 


5 


67** 


66a 


8 


.OxlO* 3 


37 


5 


. 4x10° 


4 


.2 


1 


.42 


14 . 


9 


- 4 


68** 


95-1 


6 


.OxlO" 3 


37 


4 


. lxlO" 3 


4 


. 4 


1 


.51 


15 . 


7 


5 


69** 


104x 


1 


.8xl0" 3 


37 


1 


.2x10° 


4 


. 2 


1 


.42 


14 . 


9 


4 


70** 


106-10 


9 


.OxlO* 3 


37 


6 


. lxlO" 3 


4 


. 3 


1 


.46 


15 . 


3 


4 


71** 


118 


9 


. 5xl0" 3 


37 


6 


. 5xl0* 3 


4 


. 0 


1 


.38 


14 . 


4 


4 


72** 


la 


2 


.4xl0" 3 


39 


1 


.9xl0" 3 


4 


. 1 


1 


.39 


14 . 


5 


4 


73** 


54a 


2 


.OxlO* 3 


39 


1 


.6xl0" 3 


4 


. 5 


1 


. 55 


16 . 


2 


5 


74** 


56a 


1 


. 8xl0* 3 


39 


1 


.4xl0" 3 


4 


. 5 


1 


.55 


16 , 


2 


5 


75** 


5 6m 


7 


. 2xl0" 3 


39 


5 


. 6xl0" 3 


4 


. 3 


1 


.47 


15 . 


4 


5 


76** 


58a 


1 


.4x10° 


39 


1 


.lxlO* 3 


4 


.7 


1 


. 60 


16 . 


7 


5 


77** 


66a 


8 


. OxlO" 3 


39 


6 


.2xl0' 3 


4 


. 2 


1 


.43 


15 . 


0 


4 


78** 


95-1 


6 


.OxlO" 3 


39 


4 


.7x10° 


4 


. 4 


1 


. 51 


15 . 


8 


5 


79** 


104x 


1 


. 8xl0" 3 


39 


1 


.4xl0* 5 


4 


. 2 


1 


.43 


15: 


0 


4 
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Table 30 (cont'd) 

Addition Addition 
amount Substituted amount 





Hydrazine (mol/mol 
compound of Ag) 


alkene 
derivative 


(mol/mol 
of Ag) 


Qnax 




S 




7 


black 
pepper 


80** 


106-10 


9.0xlO _J 


39 


7 . OxlO" 3 


4 . 3 


1. 


, 47 


15 


. 4 


5 


81** 


118 


9.5x10° 


39 


7.4x10° 


4 . 1 


1 . 


39 


14 


. 5 


4 


82** 


la 


2 .4x10° 


41 


1.8x10° 


4 . 0 


1. 


38 


14 


.4 


4 


83** 


54a 


2.0xl0' 5 


41 


1 . 5x10° 


4 . 5 


1. 


55 


16 


. 1 


5 


84** 


56a 


1 . 8xl0 -3 


41 


1 . 3x10° 


4 . 5 


1. 


55 


16 


. 1 


5 


85** 


5 6m 


7. 2x10° 


41 


5.3X10" 3 


4 . 3 


1. 


46 


15 


. 3 


4 


86** 


58a 


1.4x10° 


41 


1 . 0x10° 


4 . 6 


1. 


59 


16 


. 6 


5 


87** 


66a 


8.0x10° 


41 


5 . 9x10° 


4.2 


1. 


42 


14 


. 9 


4 


88** 


95-1 


6.0x10° 


41 


•4 . 4x10° 


4 . 4 


1. 


51 


15 


. 7 


5 


89** 


104x 


1. 8x10° 


41 


1 . 3x10° 


4.2 


1. 


42 


14 


. 9 


. 4 


90** 


106-10 


9.0x10° 


41 


6.7X10* 3 


4 . 3 


1. 


46 


15 


. 3 


4 


91** 


118 


9 . 5x10° 


41 


7.0x10° 


4 . 0 


1. 


38 


14 


. 4 


4 



* comparison 
25 ** invention VC-1 

30 EtO COOEt 



[01 30] It is evident from Table 30 that using hydrazine derivatives within the scope of the invention and compounds of 
35 formulae (1 ) to (1 4), thermographic recording elements satisfying all the requirements of high Dmax, high contrast and 
minimal black pepper are obtained. 

Example 2 
40 Silver halidP grains R 

[01 31 ] In 900 ml of water were dissolved 7.5 grams of inert gelatin and 1 0 mg of potassium bromide. The solution was 
adjusted to pH 3.0 at a temperature of 35°C. To the solution, 370 ml of an aqueous solution containing 74 grams of silver 
nitrate and an aqueous solution containing potassium bromide and potassium iodide in a molar ratio of 94:6 and 

45 KaflrCy were added over 10 minutes by the controlled double jet method while maintaining the solution at pAg 7.7. 
Note that [lrCI 6 ] 3 - was added in an amount of 3x10 7 mol/mol of silver. Thereafter, 0.3 gram of 4-hydroxy-6-methyl- 
1 ,3,3a, 7-tetraazaindene was added to the solution, which was adjusted to pH 5 with NaOH. There were obtained cubic 
silver iodobromide grains B having a mean grain size of 0.06 *im, a coefficient of variation of projected area of 8%, and 
a {100} face ratio of 87%. The emulsion was desalted by adding a gelatin flocculant thereto to cause flocculation and 

so sedimentation and then adjusted to pH 5.9 and pAg 7.5 by adding 0.1 gram of phenoxyethanol. 

Organic acid silx/Pr ftmnNftn P 

[0132] A mixture of 10.6 grams of behenic acid and 300 ml of distilled water was mixed for 15 minutes at 90°C. With 
55 vigorous stirring, 31.1 ml of 1N sodium hydroxide was added over 15 minutes to the solution, which was allowed to 
stand at the temperature for one hour. The solution was then cooled to 30°C, 7 ml of 1 N phosphoric acid was added 
thereto, and with more vigorous stirring, 0.13 gram of N-bromosuccinimide (C-12) was added. Thereafter, with stirring, 
the above-prepared silver halide grains B were added to the solution in such an amount as to give 2.5 mmol of silver 
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halide. Further, 25 ml of 1 N silver nitrate aqueous solution was continuously added over 2 minutes, with stirring contin- 
ued for a further 90 minutes. With stirring, 37 grams of a 1 .2 wt% butyl acetate solution of polyvinyl acetate was slowly 
added to the aqueous mixture to form floes in the dispersion. Water was removed, and water washing and water 
removal were repeated twice. With stirring, 20 grams of a solution of 2.5% by weight polyvinyl butyral (Denka Butyral 
5 #3000-K) in a 1/2 solvent mixture of butyl acetate and isopropyl alcohol was added. To the thus obtained gel-like mixture 
of organic acid silver and silver halide, 7.8 grams of polyvinyl butyral (Denka Butyral #4000-2) and 57 grams of 2- 
butanone were added. The mixture was dispersed by a homogenizer, obtaining a silver behenate emulsion B of needle 
grains having a mean minor diameter of 0.04 jim, a mean major diameter of 1 urn and a coefficient of variation of 30%. 

10 Emulsion layer coating solution B 

[01 33] The following chemicals were added to the above-prepared organic acid silver salt emulsion B in amounts per 
mol of silver. With stirring at 25°C, 10 mg of sodium phenylthiosuHonate, 25 mg of Sensitizing Dye A, 20 mg of Sensi- 
tizing Dye B, 18 mg of Sensitizing Dye C, 2 grams of 2-mercapto-5-methylbenzimidazole (C-1), 21.5 grams of 4-chlo- 

15 robenzophenone-2-carboxylic acid (C-3), 580 grams of 2-butanone and 220 grams of dimethylformamide were added 
to the emulsion, which was allowed to stand for 3 hours. With stirring, 4 grams of 4,6-ditrichloromethyl-2-phenyltriazine 
(C-4), 2 grams of Disulfide compound A, 170 grams of 1,1-bis(2-hydroxy-3,5-dimethylphenyl)-3 l 5,5-trimethylhexane (C- 
5), 15 grams of phthalazine (C-6), 5 grams of tetrachlorophthalic acid (C-7), an amount of a hydrazine derivative as 
shown in Table 31. 1.1 grams of Megafax F-176P, 590 grams of 2-butanone, and 10 grams of methyl isobutyl ketone 

20 were added to the emulsion. 

Emulsion surface protective layer coating solution P 

[01 34] A coating solution B for an emulsion layer surface protective layer was prepared by dissolving 75 grams of CAB 
25 171-15S, 5.7 grams of 4-methylphthalic acid (C-8), 1.5 grams of tetrachlorophthalic anhydride (C-9). 8 grams of 5-tri- 
bromomethylsulfonyl-2-methylthiadiazole (C-13), 6 grams of 2-tribromomethylsulfbnylbenzothiazole (C-10), 3 grams of 
phthalazone (C-11), 0.3 gram of Megafax F-176P, an amount of a compound of formula (1) to (14) or a comparative 
compound as shown in Table 31 , 2 grams of spherical silica Sildex H31 (mean size 3 jim), and 6 grams of polyisocy- 
anate Sumidur N3500 in 3070 grams of 2-butanone and 30 grams of ethyl acetate. 

30 

Preparation of coated sample 

[0135] A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral Denka Butyral #4000-2, 0.2 
gram of spherical silica Sildex H121 (mean size 12 jim), 0.2 gram of spherical silica Sildex H51 (mean size 5 and 
35 0.1 gram of Megafax F-176P to 64 grams of 2-propanol and mixing them into a solution. Further, a mixed solution of 
420 mg of Dyestuff A in 10 grams of methanol and 20 grams of acetone and a solution of 0.8 gram of 3-isocyanatome- 
thyl-3,5,5-trimethylhexyl isocyanate in 6 grams of ethyl acetate were added to the solution. 

[0136] A polyethylene terephthalate film having a moisture-proof undercoat of vinylidene chloride on either surface 
was coated on one surface with the back surface coating solution so as to give an optical density of 0.7 at 688 nm. 
40 [0137] On the thus prepared support, the emulsion layer coating solution was coated so as to give a coverage of 2 
g/m 2 of silver and the emulsion layer protective layer coating solution was then coated on the emulsion layer so as to 
give a dry thickness of 5 um, obtaining a coated sample of thermographic recording element. 

Photographic prooerty/black pepper tests 

45 

[0138] The samples were determined for photographic properties and black pepper as in Example 1. The results are 
shown in Table 31. 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



1* 

2* 
3* 
4* 
5* 
6* 
7* 
8* 
9* 
10* 
11* 
12* 
13* 
14* 
15* 
16* 
17* 
18* 
19* 
20* 
21* 
22** 
23** 
24** 
25** 
26** 
27** 
28** 
29** 
30** 
31** 
32** 
33** 
34** 
35** 
36** 
37** 
38** 
39** 
40** 
41** 
42** 
43** 
44** 



Table 31 

Addition Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) derivative of Ag) 



Emax 



black 
pepper 



2b 
31a 
34a 
54a 
55r 
56a 
72x 
83 
95-1 
109m 
2b 
31a 
34a 
54a 
55r 
56a 
72x 
83 
95-1 
109m 
2b 
31a 
34a 
54a 
55r 
56a 
72x 
83 
95-1 
109m 
2b 
31a 
34a 
54a 
55r 
56a 
72x 
83 
95-1 
109m 
2b 
31a 
34a 



1.8x10° 
1. 9x10° 
1.6x10-* 
2 . 0x10° 
6.0x10° 
1.8x10° 
9.5x10° 
2 .2x10° 
5. OxlO -3 
9.8x10° 
1 .8x10° 
1.9x10° 
1.6x10° 
2 . OxlO' 3 
6.0x10° 
1.8x10° 
9.5x10° 
2 .2x10° 
5.0x10° 
9 . 8x10° 
1.8x10° 
1 . 9x10° 
1.6x10° 
2 .0x10° 
6.0x10° 
1 . 8x10° 
9 . 5x10° 
2.2x10° 
5 . 0x10°' 
9. 8x10° 
1.8x10° 
1.9x10° 
1. 6x10° 
2 . 0x10° 
6. 0x10° 
1 . 8x10° 
9.5x10° 
2 .2x10° 
5 . 0x10° 
9 . 8x10° 
1.8x10° 
1 . 9x10° 
1. 6x10° 



VC-2 
VC-2 
VC-2 
VC-2 
VC-2 
VC-2 
VC-2 
VC-2 
VC-2 
VC-2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

12 

12 

12 



1.6x10° 
1.7x10° 
1.4x10° 
1.8x10° 
5.4x10° 
1 .6x10° 
8 . 6x10° 
2 .0x10° 
4.5x10° 
8 .8x10° 
,4x10° 
5x10° 
3x10° 
6x10° 
8x10° 
4x10° 
6x10° 



1.8x10° 
4 .0x10° 
7.8x10° 
1.5x10° 
1.6x10° 
1.3x10° 

H. 7xl0 o 
5.0x10° 

I . 5x10° 
8 . 0x10° 
1.8x10° 
4 . 2x10° 
8.2x10° 
1 . 4x10° 
1 . 5x10° 
1 . 3x10° 



2.6. 
3 . 5 
3 . 9 
3 . 8 



3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
3 

4 . 
3 . 
3 . 
3 . 
3 . 

3 . 

4 . 
4 . 
4 . 
4 . 
4 . 
4 . 
4. 
4 . 
4 
4 
4 

4 . 
4 . 
4, 



7 
9 
6 
7 
6 
6 
5 
7 
. 1 
.0 
.9 
. 1 
. 8 
. 9 
. 8 
. 8 
.7 
.2 
. 6 
.5 
4 
6 
3 
4 
3 
3 
2 
2 
7 
6 
4 



. 80 
.20 
33 
30 
27 
33 
23 
27 
23 
23 



4.7 
4.3 



4 . 
4 . 
4. 
4. 
4 . 
4 . 
4 . 



1.20 
1.26 
1.41 
1.37 
1.34 
1.41 
1.30 
1.34 
.30 
.30 
.26 
.42 
.59 
.55 
.51 
. 59 
. 47 
. 51 
. 47 
.47 
.42 
.43 
. 60 
56 
52 
60 
48 
52 
48 
48 
43 
42 
59 
55 



12 
13 
13 
13 
13 
12 
13 
12 
12 
12 
13 
14 
. 14 

13 . 

14 . 
13 . 
13 . 
13 . 
13 . 

13 . 

14 . 
16. 
16. 

15 . 

16 . 
15 
15 
15 
15 
14 
15 
16 
16 
15.8 
16 . 7 
15.4 
15.8 
15.4 



5 
9 
6 
2 
9 
9 
2 
9 
9 
. 5 
.2 
. 7 
. 3 
.9 
. 7 
. 6 
.9 
. 6 
. 6 
. 2 
. 9 
. 6 
,2 
.7 
6 
3 
7 
3 
3 
9 
0 
7 
3 



15 
15 
14 

16 . 



16.2 



5 

2 

3 

3 

2 

3 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

2 

4 

5 

5 

5 

5 

4 

5 

4 

4 

4 

5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
5 
5 
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Table 31 (cont'd) 

Addition Addition 
amount Substituted amount 





Hydrazine (mol/mol alkene 
compound of Ag) derivative 


(mol/mol 
of Ag) 


Dnax 




S 


7* 




black 
pepper 


45** 


54a 


2 . 0x10* 


3 12 


1. 6x10° 


4.4 


1 . 


51 


15 . 


7 


5 


46** 


55r 


6.0x10* 


1 12 


4.8x10° 


4 . 6 


1 


59 


16. 


6 


5 


47** 


56a 


1.8x10" 


3 12 


1. 4x10° 


4.3 


1 


47 


15. 


3 


4 


48** 


72x 


9.5x10" 


3 12 


7 . 6x10° 


4.4 


1 . 


51 


15. 


7 


5 


49** 


83 


2 . 2x10" 


3 12 


1.8x10° 


4.3 


1 . 


47 


15. 


3 


4 


50** 


95-1 


5. 0x10" 


3 12 


4. OxlO* 3 


4.3 


1 . 


47 


15 . 


3 


4 


51** 


109m 


9.8x10" 


12 


7.8x10° 


4.2 


1 . 


42 


14 . 


9 


4 


52** 


2b 


1.8x10' 


1 24 


1 . 5x10° 


4.2 


1 . 


42 


14 . 


9 


4 


53** 


31a 


1. 9x10" 


1 24 


1.6x10° 


4.6 


1 . 


59 


16. 


5 


5 


54** 


34a 


1.6x10* 


1 24 


1 .3x10° 


4.5 


1 . 


54 


16 . 


1 


5 


55** 


54a 


2 . 0x10' 


1 24 


1.7x10° 


4.4 


1 . 


50 


15 . 


7 


5 


56** 


55r 


6 . 0x10" 


' 24 


5. OxlO" 3 


4 . 6 


1 . 


59 


16 . 


5 


5 


57** 


56a 


1 . 8x10" 


1 24 


1.5x10° 


4 . 3 


1 . 


46 


15 . 


3 


4 


58** 


72x 


9 . 5x10*' 


1 24 


8. OxlO" 3 


4 . 4 


1 . 


50 


15 . 


7 


5 


59** 


83 


2.2xl0" : 


24 


1.8xl0- 3 


4.3 


1 . 


46 


15 . 


3 


4 


60** 


95-1 


5 . 0xl0" : 


24 


4.2xl0" 3 


4 . 3 


1 . 


46 


15 . 


3 


4 


61** 


109m 


9.8x10° 


24 


8.2x10° 


4.2 


1 . 


42 


14 . 


9 


4 


62** 


2b 


1 . 8xl0" : 


60 


1. 5x10° 


4.2 


1 . 


43 


14 . 


9 


4 


63** 


31a 


1.9x10° 


60 


1. 6xl0" 3 


4.7 


1 . 


59 


16 . 


6 


5 


64** 


34a 


1.6x10° 


60 


1.3x10° 


4 . 5 


1 . 


55 


16 . 


2 


5 


65** 


54a 


2 .0x10° 


60 


1. 6x10° 


4.4 


1 . 


51 


15 . 


8 


5 


66** 


55r 


6 .0x10° 


60 


4.9x10° 


4.7 


1 . 


59 


16 . 


6 


5 


67** 


56a 


1 . 8x10° 


60 


1. 5x10° 


4 . 3 


1 . 


47 


15 . 


4 


5 


68** 


72x 


9 . 5xl0" 3 


60 


7 . 8x10° 


4.4 


1 . 


51 


15 . 


8 


5 


69** 


83 


2 .2x10° 


60 


1. 8x10° 


4.3 


1 . 


47 


15 . 


4 


5 


70** 


95-1 


5 . OxlO* 3 


60 


4 . 1x10° 


4 . 3 


1 . 


47 


15 . 


4 


5 


71** 


109m 


9 .8x10° 


60 


8. OxlO' 3 


4.2 


1 . 


43 


14 . 


9 


4 


72** 


2b 


1 .8xl0* 3 


40 


1 . 5x10° 


4.2 


1 . 


43 


15 . 


0 


4 


73** 


31a 


1 . 9x10° 


40 


1. 6x10° 


4 . 7 


1 . 


60 


16 . 


7 


5 


74** 


34a 


1 .6x10° 


40- 


1 . 4x10° 


4 . 6 


1 . 


56 


16. 


3 


5 


75** 


54a . 


2 . OxlO" 3 


40 


1.7x10° 


4.4 


1 . 


52 


15 . 


8 


5 


76** 


55r 


6 . OxlO" 3 


40 


5 . 2x10° 


4.7 


1 . 


60 


16. 


7 


-5 


77** 


56a 


1.8x10° 


40 


1.5x10° 


4.3 


1 . 


48 


15 . 


4 


5 


78** 


72x 


9 .5xl0* 3 


40 


8.2x10° 


4 . 4 


1 . 


52 


15 . 


8 


5 


79** 


83 


2 ,2xl0* 3 


40 


1 . 9x10° 


4 . 3 


1 . 


48 


15 . 


4 


5 


80** 


95-1 


5. OxlO" 3 


40 


4 . 3x10° 


4 . 3 


1 . 


48 


15 . 


4 


5 


81** 


109m 


9 .8xl0" 3 


40 


8.4x10° 


4.2 


1 . 


43 


15 . 


0 


4 


82** 


2b 


1 .8xl0' 3 


57 


1.5x10° 


4.2 


1 . 


42 


14 . 


9 


4 


83** 


31a 


1.9x10° 


57 


1 . 6x10° 


4 . 6 


1 . 


59 


16 . 


6 


5 


84** 


34a 


1 .6x10° 


57 


1 . 3x10° 


4 . 5 


1 . 


55 


16 . 


2 


5 
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Table 31 (cont'd) 



5 




Action Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) derivative of Aa) 


Qnax 




S 


r 




85** 


54a 


2 .OxlO* 3 


57 


1.7x10° 


4.4 


1 . 


51 


15.7 


10 


86** 


55r 


6 .OxlCT 3 


57 


5 . OxlO" 3 


4 . 6 


1 . 


59 


16 . 6 


87** 


56a 


1 . 8xl0 -3 


57 


1.5xl0" 3 


4 . 3 


1 . 


47 


15.3 




88** 


72x 


9 . 5xl0* a 


57 


8 . OxlO" 3 


4.4 


1 . 


51 


15.7 




89** 


83 


2 .2xl0" 3 


57 


1 . 8xl0" 3 


4.3 


1 . 


47 


15.3 




90** 


95-1 


S.OxlO' 3 


57 


4 .2x10° 


4.3 


1 . 


47 


15. 3 


15 


91** 


109m 


9.8xl0" 3 


57 


8 . 2x10° 


4.2 


1 


.42 


14 



black 
pepper 



5 
5 
4 
5 
4 
4 



* comparison 
** invention 



VC-2 



EtO 




30 



So Jm ^Tl° m Tab ' e V that USin9 h y drazlne derivatives within the scope of the invention and compounds of 
m k u° ( )( thermo l ? ra P h,c recording elements satisfying all the requirements of high Dmax, high contrast, and 
minimal black pepper are obtained. 

Example 3 



[0140] Samples were prepared as in Example 1 except that hydrazine derivatives and compounds of formulae (1) to 
„ J? 4) Z com P ara l we com P°"nds were used as shown in Table 32, the sensitizing dye used was a mixture of 15 mg of 

ST ™l D n 2 ° m9 ° f SenSifeing ° ye E and 1 8 mg of Sensitizin 9 ^ F. and the support was coated wrth a back! 
coat layer having Dyestuff B added so as to provide an absorbance of 0.7 at 780 nm 

l° c 1 ^ J* 6 s * ns * z i n 9 and d y estuff used in this Example are shown below by structural formulae. They are also 
shown hS mP *** ° f C0nvenlence ' the structurai formulae oi compounds used in Example 4 are also 

40 
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Sensitizing Dye D 
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Sensitizing Dye F 



10 



15 




Dyes tuff B 



20 



25 



30 



35 



40 



45 




Dyes tuff C 



CgH^OCOHgC 

HN\ r CH 2 OCOC 5 H 11 




0' HN 
CsH^OCOHaC-y-NH 

CHgOCOCsH^ 



Photographic property test 

so [0142] After the samples prepared above were exposed to xenon flash light for an emission time of 1CT 6 sec through 
an interference filter having a peak at 780 nm and a step wedge, they were processed and tested as in Example 1 
except that exposure to the halogen lamp was omitted. P 

Black pepper tesf 

55 

[01 43] The samples were rated as in Example 1 . 
[0144] The results are shown in Table 32. 
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Table 32 



Addition Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) derivative of Ag) 



Etaiax 



black 
pepper 



10 



15 



20 



25 



30 



35 



40 



45 



50 



1 * 

X 
















2 


. 6 


0 


. 80 






5 


7 * 


1 0 <=> 


A 
U 


* 0 XX u 










3 


. 5 


1 


.20 


12 


. 5 


2 


\ * 


1 1 rr 

x xg 




o v i a ~ 3 

. OX J. u 










3 


. 9 


1 


. 33 


13 


. 9 


3 


A * 




1 


Ovt a* 3 

. y xi u 










3 


. 8 


1 


.30 


13 


. 6 


3 


c * 

O 


c; 

J O d 


1 


. OXXU 










3 


. 7 


1 


. 27 


13 


. 2 


2 


fi* 


fi? rr 
0 *s y 


*» 


* OXXU 










3 


. 9 


1 


. 3 3 


13 


. 9 


3 


7 * 


fi fin 


Q 


. O XX u 










3 


. 6 


1 


. 2 3 


12 


. 9 


2 


8* 


Q S - 1 


c 

O 


. v XX U 










3 


. 7 


1 


. 2 7 


13 


. 2 


2 


9* 


x v / d 


q 


c v i a-3 

• oxx u 










3 


. 6 


1 


. 2 3 


12 


- 9 


2 


10 * 


X U X J 


A 


Qyl A" 3 
. OXX U 










3 


. 6 


1 


. 2 3 


12 


. 9 


2 


11* 


X X O X 


Q 
-7 


fi-M-i rr 3 










3 


x~ 
. 0 


1 


. 2 0 


12 


. 5 


2 


12* 






C v 1 A" 3 


Up _. 

VL- 


0 


A 

u 


/I , . -1 A - 3 

. 4X10 


3 


- 7 


1 


. 2 6 


1 3 


. 2 


2 


13 * 


1 1 cr 
x xy 


0 

£* 


Qyl A~ 3 


VL 


0 


A 




4 


. 1 


1 


. 4 0 


1 4 


. 7 


3 


1 4 * 

X ** 




1 
X 


Q v 1 A-3 

. y xx u 


VL - 


-5 
3 


T 

X 


^ ,, 1 A " 3 

. OXX 0 


4 


. 0 


1 


. 3 7 


14 


. 3 


3 


15* 


R fi a 


1 
X 


Q v 1 A ~ 3 
. OXX u 


VC - 


■3 
O 


1 


C u 1 A - 3 
. 3X10 


3 


. 9 


1 


. 3 3 


13 


. 9 


3 


1 fi * 


0 4 g 




C I A" 3 

. OXX u 


vc - 


3 


3 


. 8xl0~ 3 


4 


. 1 


1 


. 40 


14 


. 7 


3 


1 7 * 


fi fin 
DOU 


Q 

y 


Qv1 A ~ 3 

. OXX u 


VC- 


3 


8 


. 2xl0" 3 


3 


. 8 


1 


. 3 0 


13 


5 


3 


X o 


-7 J X 


0 


. uxx u 


VC — 


0 


0 


. OxlO" 3 


3 


. 9 


1 


. 3 3 


13 


9 


3 


1 Q* 

X u 


1 n7a 
1U / a 


Q 


. OXXU 


vc- 


-> 
0 


8 


. OxlO" 3 


3 


. 8 


1 


. 3 0 


13 


5 


3 


20 * 


X v X J 


*• 


Q v 1 A " 3 


V c — 


J 


A 

4 


. OxlO* 3 


3 


. 8 


1 


. 3 0 


13 


5 


3 


21 * 


X X O X 


q 


Cvi A" 3 
. OXXU 


vc — 


J 


0 

0 


1 - - "7 A -3 

. 1x10 


3 


. 7 


1 


2 6 


13 


2 


2 


o o * * 




A 
U 


C v i A-3 

OXX u 


A 




0 


. 4x1 0° 


4 


. 1 


1 


41 


14 


8 


4 


23 * * 


1 1 a 
x xg 


A 


O v 1 A " 3 
OXXU 


0 
z 




2 


A —1 A "3 

. 2x1 0 


4 


. 6 


1 


57 


16 


4 


5 


o 4 * * 


c d 0 


1 


Q v 1 a " 3 

y xx u 


A 




1 


. 5xl0" 3 


4 


. 5 


1 


53 


16 , 


0 


5 


AC** 


c c 
3 0 a 


X 


Q v 1 A ~ 3 
OXXU 


2 




1 


. 4xl0" 3 


4 


. 4 


1 . 


49 


15 . 


6 


5 


2 6** 


fi 9 rr 




q v i a-3 
OXX u 


A 




3 


. 5x10° 


4 


. 6 


1 . 


57 


16 . 


4 


5 




fi fin 

DOU 


q 


OXXU 


A 




7 


. 6x1 0° 


4 


. 2 


1 . 


45 


15 . 


2 


4 


28** 


95-1 


6 


OxlO" 3 


2 




** 


7vi n " 3 

. / XX u 


A 




x . 


A 0 

4 y 


x 0 . 


c . 
0 


c 

0 


29** 


107a 


9 . 


5xl0 -3 


2 




7 


.4xl0 -3 


4 


.2 


1. 


45 


15 . 


2 


4 


30** 


101-5 


4 . 


8x10° 


2 




3 


.7xl0" 3 


4 


2 


1 . 


45 


15. 


2 


4 


31** 


116-12 


9 . 


6xl0" 3 


2 




7 


5xl0" 3 


4 


1 


1 . 


41 


14. 


8 


. 4 


32** 


lOe 


0 . 


5x10° 


38 




0 


4xl0" 3 


4 


2 


1 . 


42 


14 . 


9 


4 


33** 


llg 


2 . 


8x10° 


38 




2 


2x10° 


4 


6 


1 . 


59 


16 . 


6 


5 


34** 


54a 


1 . 


9xl0* 3 


38 




1 


5xl0' 3 


4 


5 


1 . 


55 


16. 


2 


5 


35** 


56a 


1 . 


8x10° 


38 




1 . 


4xl0' 3 


4 


4 


1 . 


51 


15 . 


7 


5 


36** 


62g 


4 . 


5xl0~ 3 


38 




3 . 


6xl0" 3 


4 . 


6 


1 . 


59 


16. 


6 


5 


37** 


66u 


9 . 


8xl0" 3 


38 




7 . 


8xl0' 3 


4 . 


3 


1. 


47 


15. 


3 


4 


38** 


95-1 


6. 


OxlO" 3 


38 




4 . 


8xl0" 3 


4 . 


4 


1 . 


51 


15 . 


7 


5 


39** 


107a 


9 . 


5x10° 


38 




7 . 


6xl0 -3 


4 . 


3 


1 . 


47 


15 . 


3 


4 


40** 


101-5 


4 . 


8xl0" 3 


38 




3. 


8x10° 


4 . 


3 


1 . 


47 


15 . 


3 


4 


41** 


116-12 


9 . 


6xl0' 3 


38 




7 . 


7x10° 


4 . 


2 


1 . 


42 


14 . 


9 


4 


42** 


lOe 


0. 


5xl0~ 3 


12 




0 . 


4xl0* 3 


4 . 


1 


1 . 


42 


14 . 


8 


4 


43** 


ng 


2 . 


8x10° 


12 




2 . 


3x10° 


4 . 


6 


1 . 


58 


16 . 


5 


5 


44** 


54a 


1 . 


9xl0" 3 


12 




1. 


6xl0" 3 


4 . 


5 


1 . 


54 


16 . 


1 


5 



55 



69 
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Table 3 2 (cont'd) 



10 



15 



20 



25 



30 



40 



45 



50 



Addition Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) derivative of An) 



Cmax 





56a 


1 . 8x10° 


12 


1.5x10° 


4b* 


62g 


4 . 5x10° 


12 


3 .7x10° 


A *"7 * * 


6 6u 


9 . 8x10° 


12 


8 . 0x10° 


/I o * * 

48 * * 


95-1 


6. 0x10° 


12 


4 . 9x10° 


4 9** 


107a 


9 . 5x10° 


12 


7 . 8x10° 


50* * 


101-5 


4 . 8x10° 


12 


3 . 9x10° 


51* * 


116-12 9.6x10° 


12 


7 . 9x10° 


52 * * 


lOe 


0.5x10° 


24 


0.4x10° 


C T * * 

53 * * 


llg 


2.8x10° 


24 


2.3x10° 


54** 


54a 


1 . 9x10° 


24 


1 . 6x10° 


c c * * 

55 * * 


56a 


1 . 8xl0" 3 


24 


1.5X10' 3 


c c * * 

5b** 


62g 


4 . 5x10° 


24 


3 .7xl0~ 3 


C T * * 

5 7 * * 


6 6u 


9 . 8x10° 


24 


8.0x10° 


CO** 

58 * * 


95-1 


6.0x10° 


24 


4 . 9x10° 


59 * * 


107a 


9 . 5x10° 


24 


7.8x10° 


c n * * 

bO * * 


101-5 


4 . 8x10° 


24 


3 .9x10° 


61** 


116-12 


9 . 6x10° 


24 


7.9x10° 


bz * * 


lOe 


0 . 5x10° 


60 


0.4x10° 


<c "a * * 


ng 


2 . 8xl0 -3 


60 


2 .2x10° 


o 4 * 


54a 


1.9xl0* 3 


60 


1.5x10° 


f c + * 
b 5 * * 


56a 


1 . 8x10° 


60 


1.4x10° 


66** 


62g 


4 . 5xl0" 3 


60 


3 .5x10° 


67** 


66u 


9 . 8xl0" 3 


60 


7 . 6x10° 


68** 


95-1 


6. 0xl0" 3 


60 


4.7x10° 


69** 


107a 


9.5xl0" 3 


60 


7 . 4x10° 


70** 


101-5 


4.8x10° 


60 


3 .7x10° 


71** 


116-12 


9 . 6xl0" 3 


60 


7 . 5x10° 


72** 


lOe 


0.5x10° 


40 


0 .4x10° 


73** 


Hg 


2.8x10° 


40 


2.3xl0" 3 


74** 


54a 


1.9x10° 


40 


1.6x10° 


75** 


56a 


1.8xl0" 3 


40 


1.5x10° 


76** 


62g 


4.5x10° 


40 


3 .7x10° 


77** 


66u 


9.8x10° 


40 


8 . 0x10° 


78** 


95-1 


6.0xl0* 3 


40 


4.9x10° 


79** 


107a 


9.5x10° 


40 


7.8x10° 


80** 


101-5 


4.8x10° 


40 


3 . 9x10° 


81** 116-12 


9 . 6x10° 


40 


7.9x10° 


82** 


lOe 


0 . 5x10° 


57 


0 .4x10° 


83** 


Hg 


2 . 8x10° 


57 


2.2x10° 


84** 


54a 


1 . 9x10° 


57 


1 . 5xl0" 3 



4 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 , 

4 . 

4 . 

4 . 

4 . 

4. 

4 . 
4 . 
4 . 
4 . 
4 . 
4 . 
4. 
4. 
4. 
4 
4 
4 
4 , 
4 . 4 
4.7 



4 
6 

3 
.4 
. 3 
. 3 
. 1 
. 1 
.6 
.5 
.4 
.6 
.2 
.4 
.2 
.2 
. 1 
2 
6 
5 
4 
6 
3 
4 
3 
3 
2 
2 
7 
5 



1 
1 
1 
1 
1 

1 . 
1. 
1 . 
1 . 
1 . 



.50 
,58 
46 
50 
46 
46 
42 
41 
57 
53 



15 
16 
15 
15 
15 
15 
14 .8 
14 . 8 



1.49 
1 . 57 
.45 
49 
45 
45 
41 
42 
59 
55 
51 
59 



16 
16 
15 
16 
15 
15 
15 
15 
14 . 8 
14 . 9 



1.47 
1.51 
1.47 
1.47 
1.42 
1.43 
1.59 
55 
51 
59 
47 
51 
47 



16 
16 
15 
16 
15 
15 
15 
15 
14 
14 
16 
16 . 
15.8 
16. 6 
15. 3 
15.8 
15 . 3 



. 6 
, 2 
7 
6 
3 
7 
3 
3 
9 
9 
6 
2 



1 . 47 
1.43 
1.42 
1.58 
1.54 



. 3 
, 9 



15 
14 
14 . 8 
16.5 
16.1 



black 
pepper 



5 

5 

4 

5 

4 

4 

4 

4 

5 

5 

5 

5 

4 

5 

4 

4 

4 

4 

5 

5 

5 

5 

4 

5 

4 

4 

4 

4 

5 

5 

5 

& 

4 

5 

4 

4 

4 

4 

5 

5 



55 



70 
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Table 3 2 (cont'd) 

Addition Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol Dnax S r black 
compound of Ag) derivative of Ag) pepper 



is 



85** 


56a 


1 . 


8xl0 -3 


57 


1 


.4x10° 


4 . 


4 


1 


.50 


15 


.7 


5 


86** 


62g 


4. 


5xl0" 3 


57 


3 


.6x10° 


4 . 


6 


1 


. 58 


16 


.5 


5 


87** 


66u 


9 . 


8xlCT 3 


57 


7 


.8x10° 


4 . 


3 


1 


.46 


15 


.2 


4 


88** 


95-1 


6. 


OxlO -3 


57 


4 


.8x10° 


4 . 


4 


1 


.50 


15 


. 7 


5 


89** 


107a 


9 . 


5xl0" 3 


57 


7 


. 6x10° 


4 . 


3 


1 


.46 


15 


. 2 


4 


90** 


101-5 


4 . 


8xl0 -3 


57 


3 


. 8xl0 -3 


4 . 


3 


1 


.46 


15 


.2 


4 


91** 


116-12 


9. 


6xl0" 3 


57 


7 


.7xl0~ 3 


4 . 


1 


1 


.42 


14 


.8 


4 



* comparison 

** invention VC-3 



PN 

EtS COOEt 



25 



[0145] tt is evident from Table 32 that using hydrazine derivatives within the scope of the invention and compounds of 
formulae (1) to (14), thermographic recording elements satisfying all the requirements of high Dmax, high contrast, and 
minimal black pepper are obtained. 

Example 4 



[0146] Samples were prepared as in Example 2 except that hydrazine derivatives and compounds of formulae (1) to 
(14) or comparative compounds (both added to the emulsion layer) were used as shown in Table 33, the sensitizing dye 
35 used was a mixture of 18 mg of Sensitizing Dye D, 15 mg of Sensitizing Dye E and 15 mg of Sensitizing Dye F, and the 
support was coated with a backcoat layer having Dyestuff C added so as to provide an absorbance of 0.7 at 780 nm. 



Photographic property test 

40 [0147] After the samples prepared above were exposed to xenon flash light for an emission time of 10" 6 sec through 
an interference filter having a peak at 780 nm and a step wedge, they were processed and tested as in Example 1 
except that exposure to the halogen lamp was omitted. 



Black pepper test 

45 

[0148] The samples were rated as in Example 1 . 
[0149] The results are shown in Table 33. 



50 



55 
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Table 3 3 

A^^ 0 * Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) derivative of Aa) 



Qnax 



1* 
2* 
3* 
4* 
5* 
6* 
7* 
8* 
9* 
10* 
11* 
12* 
13* 
14* 
15* 
16* 
17* 
18* 
19* 
20* 
21* 
22** 
23** 
24** 
25** 
26** 
27** 
28** 
29** 
30** 
31** 
32** 
33** 
34** 
35** 
36** 
37** 
38** 
39** 
40** 
41** 
42** 
43** 
44** 



113- 



lb 
10a 
54a 
56a 
56r 
59m 
95-1 
95-4 
113-11 
122 
lb 
10a 
54a 
56a 
56r 
59m 
95-1 
95-4 

11 
122 
lb 
10a 
54a 
56a 
56r 
5 9m 
95-1 
95-4 
113-11 
122 
lb 
10a 
54a 
56a 
56r 
59m 
95-1 
95-4 
113-11 
122 
lb 
10a 
54a 



1 . 
1. 
2 . 
1 . 
6. 



9 
1 , 

1 . 

2 . 
1 . 
6. 
7 . 
6. 



2x10° 
0x10° 
0x10° 
8x10° 
3x10° 
7 .2x10° 
6. OxlO -3 
5.4x10° 
9.6x10° 
. 8x10° 
.2x10° 
. OxlO" 3 
OxlO -3 
8x10° 
3x10° 
2x10° 
0x10° 
5.4x10° 
9 .6x10° 
9 . 8x10° 
1 .2x10° 
1.0x10° 
2.0x10° 
1.8x10° 
6.3x10° 
7 .2x10° 
6.0x10° 
5.4x10° 
9.6x10° 
9 . 8x10° 
1.2x10° 
1.0x10° 
2.0x10° 
1 . 8x10° 
6.3x10° 
7 .2x10° 
6.0x10° 
5 . 4x10° 
9.6x10° 
9 . 8x10° 
1 .2x10° 
1 . 0x10° 
2 .0x10° 



2.6 
3.4 
3.8 
3.8 
3.6 
3.9 
3.5 
3.7 







_ 


3 . 5 
3 . 6 






_ 


3 . 4 


vc- 


-4 


1.2x10° 


3 . 6 


vc- 


-4 


1 .0x10° 


4 . 0 


VC-4 


2 .0x10° 


4 . 0 


VC- 


■4 


1 . 8x10° 


3 . 8 


vc- 


•4 


6 . 1x10° 


4 . 1 


vc- 


•4 


7 . 0x10° 


3 . 7 


vc- 


4 


5.9x10° 


3 . 9 


vc- 


4 


5.3x10° 


3 . 7 


vc- 


4 


9.4x10° 


3.8 


vc- 


4 


9 . 6x10° 


3.6 


1 




1.0x10° 


4.1 


1 




0.8x10° 


4.6 


1 




1. 6x10° 


4.6 


1 




1.4xl0~ 3 


4.4 


1 




5.0x10° 


4.7 


1 




5.8x10° 


4.2 


1 




4 . 8x10° 


4.5 


1 




4.3x10° 


4.2 


1 




7.7x10° 


4.4 


1 




7.8x10° 


4.1 


63 




1 . 0x10° 


4.1 


63 




0. 8x10° 


4.6 


63 




1. 6x10° 


4.6 


63 




1-5x10° 


4.3 


63 




5.2x10° 


4.7 


63 




5.9x10° 


4.2 


63 




4 . 9x10° 


4.4 


63 




4 .4x10° 


4.2 


63 




7.9x10° 


4.3 


63 




8 . 0x10° 


4.1 


7 




0 . 9x10° 


4.0 


7 




0 . 8x10° 


4.5 


7 




1.6x10° 


4.5 



0 .80 
1.16 
1.30 
1.30 
1.23 
1.33 
.20 
.27 
.20 
.23 
.16 
.23 
.37 
37 
30 
41 
26 
34 
26 



12 
13 
13 
12 
13.9 
12 .5 
13.2 
12.5 
12. 9 
12.1 
12.8 



1.30 
1 .23 
1.41 
1.57 
1.57 
1 .49 
.61 
. 45 
. 53 
.45 
.49 
.41 
.39 
.56 
.56 
.48 
,60 
43 
52 
43 
48 
39 
38 
55 
55 



14 
14 
13 
14 
13 
14 
13 
13 
12 .8 

14 .7 
16 
16 
15 
16 
15 
16.0 
15.1 

15 . 6 
14.7 
14.5 
16.3 
16.3 
15.4 



.4 
.4 
. 6 
. 9 
. 1 



16 

15, 



15.8 



15 
15 
14 
14 

16 , 
16, 
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Table 3 3 (cont'd) 

Addition Addition 

amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol Qnax S r black 
compound of Ag) derivative of Ag) pepper 



45** 


56a 


1 


. 8xl0* 3 


7 


1 


. 4xlO" 3 


4 


.3 


1 . 


46 


15 


. 3 


4 


46** 


56r 


6 


. 3xl0" 3 


7 


4 


,9xl0" 3 


4 


.6 


1 . 


59 


16 


. 6 


5 


47** 


59m 


7 


.2x10° 


7 


5 


.6xl0" 3 


4 


.2 


1 . 


42 


14 


. 9 


4 


48** 


95-1 


6 


. OxlO" 3 


7 


4 


.7xl0" 3 


4 


.4 


1 . 


51 


15 


. 7 


5 


49** 


95-4 


5 


. 4xl0" 3 


7 


4 


.2xl0" 3 


4 


.2 


1 . 


42 


14 


. 9 


4 


50** 


113-11 


9 


.6x10° 


7 


7 


. 5xl0" 3 


4 


.3 


1 . 


46 


15 


.3 


4 


51** 


122 


9 


.8x10"* 


7 


7 


. 6xl0" 3 


4 


.0 


1 . 


38 


14 


.4 


4 


52** 


lb 


1 


.2x10'' 


14 


0 


. 9x10° 


4 


. 0 


1 . 


38 


14 


.4 


4 


53** 


10a 


1 


. 0x10° 


14 


0 


. 8xl0" 3 


4 


. 5 


1 . 


54 


16 


. 1 


5 


54** 


54a 


2 


. OxlO" 3 


14 


1 


. 5xl0" 3 


4 


. 5 


1 . 


54 


16 


■ 1 


5 


55** 


56a 


1 


.8x10° 


14 


1 


.4x10° 


4 


.3 


1 . 


46 


15 


.2 


4 


56** 


56r 


6 


. 3xlO" 3 


14 


4 


.8xl0' 3 


4 


. 6 


1 . 


58 


16 


. 5 


5 


57** 


59m 


7 


.2xl0" 3 


14 


5 


. 5xl0" 3 


4 


. 1 


1 . 


42 


14 


. 8 


4 


58** 


95-1 


6 


. 0x10° 


14 


4 


. 6xl0" 3 


4 


.4 


1 . 


50 


15 


.7 


5 


59** 


95-4 


5 


. 4xl0" 3 


14 


4 


.lxlO" 3 


4 


.1 


1 . 


42 


14 


. 8 


4 


60** 


113-11 


9 


. 6x10° 


14 


7 


. 3xl0" 3 


4 


.3 


1 . 


46 


15 


.2 


4 


61** 


122 


9 


. 8x10° 


14 


7 


. 4xl0" 3 


4 


. 0 


1 . 


38 


14 


.4 


4 


62** 


lb 


1 


.2x10° 


37 


1 


. OxlO" 3 


4 


.1 


1. 


39 


14 


. 5 


4 


63** 


10a 


1 


.OxlO" 3 


37 


0 


. 8x10° 


4 


.5 


1 . 


55 


16 


.2 


5 


64** 


54a 


2 


. OxlO" 3 


37 


1 


. 6xl0" 3 


4 


.5 


1 . 


55 


16 


.2 


5 


65** 


56a 


1 


.8xl0" 3 


37 


1 


.4xl0" 3 


4 


.3 


1 . 


47 


15 


.3 


4 


66** 


56r 


6 


. 3xl0" 3 


37 


5 


.OxlO" 3 


4 


.7 


1. 


59 


16 


.6 


5 


67** 


5 9m 


7 


. 2x10*° 


37 


5 


.8xl0" 3 


4 


.2 


1 . 


43 


14 


.9 


4 


68** 


95-1 


6 


. OxlO" 3 


37 


4 


. 8x10° 


4 


.4 


1. 


51 


15 


.8 


5 


69** 


95-4 


5 


.4xl0* 3 


37 


4 


.3xl0" 3 


4 


.2 


1. 


43 


14 


.9 


4 


70** 


113-11 


9 


. 6xl0' 3 


37 


7 


.7xl0" 3 


4 


. 3 


1 . 


47 


15 


.3 


4 


71** 


122 


9 


. 8xlO" J 


37 


7 


. 8xl0" 3 


4 


. 1 


1 . 


39 


14 


. 5 


4 


72** 


lb 


1 


.2x10° 


39 


1 


. OxlO" 3 


4 


. 1 


1 . 


39 


14 


. 5 


4 


73** 


10a 


1 


.OxlO" 3 


39 


0 


. 8xl0" 3 


4 


. 5 


1 . 


56 


16 


.2 


5 


74** 


54a 


2 


.OxlO" 3 


39 


1 


.7xl0" 3 


4 


. 5 


1 . 


56 


16 


.2 


5 


75** 


56a 


1 


. 8xl0" 3 


39 


1 


.5x10"' 


4 


. 3 


1 . 


47 


15 


. 4 


5 


76** 


56r 


6 


. 3xl0~ 3 


39 


5 


.3xl0" 3 


4 


. 7 


1 . 


60 


16 


. 7 


5 


77** 


59m 


7 


.2xl0~ 3 


39 


6 


. OxlO" 3 


4 


. 2 


1 . 


43 


15 


. 0 


4 


78** 


95-1 


6 


. OxlO" 3 


39 


5 


. OxlO' 3 


4 


.4 


1 . 


52 


15 


. 8 


5 


79** 


95-4 


5 


.4x10° 


39 


4 


. 5x10° 


4 


. 2 


1 . 


43 


15 


- 0 


4 


80** 


113-11 


9 


. 6xl0" 2 


39 


8 


. IxlO" 3 


4 


. 3 


1 . 


47 


15 


. 4 


5 


81** 


122 


9 


. 8xl0" 3 


39 


8 


,2xl0" 3 


4 


. 1 


1 . 


39 


14 


. 5 


4 


82** 


lb 


1 


. 2xl0" 3 


41 


1 


. OxlO" 3 


4 


. 0 


1 . 


38 


14 


. 5 


4 


83** 


10a 


1 


. OxlO" 3 


41 


0 


. 8xl0" 3 


4 


. 5 


1 . 


55 


16 


.2 


5 


84** 


54a 


2 


. OxlO" 3 


41 


1 


. 6xl0" 3 


4 


. 5 


1 . 


55 


16 


. 2 


5 



73 
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Table 3 3 (cont'd) 



10 



15 



Addition Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) derivative of Ag) 



Emax 



85** 
86** 
87** 
88** 
89** 



56a 
56r 
5 9m 
95-1 
95-4 



1 .8xl0" 3 
6.3xl0" 3 
7 .2xl0' 3 

6 . oxicr 3 

5 .4xl0" 3 



90** 113-11 9.6xl0' 3 
91** 122 9.8xl0" 3 



41 
41 
41 
41 
41 
41 
41 



1.5xl0" 3 4 . 3 1.47 15 .3 

5.2x10° 4.6 1.59 16.6 

5.9X10 -3 4.2 1.42 14.9 

4.9xl0" 3 4.4 1.51 15.7 

4.4xl0' 3 4 . 2 1.42 14.9 

7.9xl0" 3 4.3 1.47 15.3 

8.0x10° 4.0 1.38 14.5 



black 
pepper 



4 
5 
4 
5 
4 
4 
4 



* comparison 
** invention 



25 



30 



.35 



VC-4 



CN 

KO COOEt 



[0150] It is evident from Table 33 that using hydrazine derivatives within the scope of the invention and compounds of 
formulae (1) to (14), thermographic recording elements satisfying all the requirements of high Dmax. high contrast and 
minimal black pepper are obtained. ' 

Example 5 

[0151] Samples were prepared as in Example 3 except that hydrazine derivatives and compounds of formulae (1) to 
(14) or comparative compounds were used as shown in Table 34. 



Photographic propgrfr ^ 

[0152] The samples were examined as in Example 3. 
40 Black pepppr tfisj 

[0153] The samples were rated as in Example 1 . 
[01 54] The results are shown in Table 34. 



45 



55 



74 
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Table 3 4 



Addition Addition 
amount Substituted amount 



10 



15 



20 



25 



30 



35 



40 



45 



50 





Hydrazine (mol/mol alkene 
compound of Ag) derivative 


(mol/mol 
oc Ag j 


Emax 




s 




r 


black 
pepper 


X 








— 


2 


. 6 


0 


. 80 






5 


a # 


x ig 


X . JXJ.U 






3 


. 6 


1 


.13 


12 


. 7 


2 


*5 * 

6 


7 9vr 
/ zy 


7 ft' 5 




— 


3 


. 4 


1 


.06 


12 


. 0 


3 


A * 


O D 


X . DXX u 




— 


3 


. 7 


1 


. 16 


13 


. 1 


3 


D 


i n ^ — 1 ft 

X V/ O — X u 


7 Svl ft" 5 




— 


3 


• 5 


1 


. 09 


12 


. 4 


2 


O 


X 4. Z 


1 Cv1 ft" 5 

/ . DXX U 




— 


3 


. 4 


1 


. 06 


12 


. 0 


3 




1 TC a 

1/ ja 


X . bxiu 




— 


3 


. 6 


1 


. 13 


12 


. 7 


2 


8 * 


X J uc 


"i c n~ 5 
X . DXX U 






3 


. 7 


1 


. 16 


13 


. 1 


2 


a * 








2 . 5x10" 


3 


. 3 


1 


. 03 


11 


. 7 


3 


10** 






1 


2 . 5xl0" 3 


3 


. 7 


1 


. 19 


14 


. 8 


4 


1 1* * 






6 0 


2 . 5xl0" 3 


4 


. 2 


1 


.40 


16 


. 0 


5 


12 * * 






12 


2 . 5xl0" 3 


3 


. 9 


1 


.20 


15 


. 2 


5 


13 * * 






4 5 


2 . 5x10° 


4 


. 0 


1 


. 39 


15 


. 0 


4 


14 * * 






D 0 


2 . 5xl0" 3 


4 


. 2 


1 


. 40 


16 


. 5 


5 


15 * * 






C A 
D 2 


2 . 5x10° 


3 


. 8 


1 


. 3 1 


15 


. 5 


4 


16 * * 






D O 


2 . 5xl0" 3 


3 


. 9 


1 


. 3 0 


15 


. 7 


4 


1 *7 * * 

X / 






D 9 


2 . 5x10° 


3 


. 7 


1 


. 2 9 


15 


. 5 


4 


1 Q * 


xxg 


X . DXXU 


VC-2 


1 . 8x10** 


3 


. 7 


1 


. 16 


13 


. 1 


3 


1 G * 
19 * 


•71,, 
/ xy 


"7 Cv1 ft' 5 
/ . DXXU 


VC-2 


1 . 8x10"* 


3 


. 5 


1 


. 09 


12 


. 4 


3 


A A # 

2 0 * 


O D 


X . DXX 0 


VC-2 


1 . 8xl0" 4 


3 


. 8 


1 


. 19 


13 


. 4 


3 




i n/; i n 

IUd-IU 


/ . DXXQ 


VC-2 


1 . 8xl0" 4 


3 


. 6 


1 


. 13 


12 


. 7 


3 


22 * 


i a a 


/ . DXXU 


VC-2 


1 . 8xl0" 4 


3 


. 5 


1 


.09 


12 


. 4 


3 


23 * 




X . DXX 0 


VC-2 


1 . 8xl0" 4 


3 


. 7 


1 


.16 


13 


. 1 


3 


24 * 


i 7 n t- 


X . DXXU 


VC-2 


1 . 8x10"* 


3 


. 8 


1 


. 19 


13 


. 4 


3 


25* * 


xxg 


X . DXXU 


1 


1 . 8x10"* 


4 


. 1 


1 


.36 


15 


. 4 


4 


a c * * 


/ zy 


/ . DXXU 


1 


1 . 8x10"* 


3 


. 8 


1 


. 29 


14 


. 6 


5 




O D 


1 Cv1 ft" 5 
X . DXXU 


1 


1 . 8xl0" 4 


4 


. 2 


1 


. 4 0 


15 


. 8 


5 


a o * * 


i n fi — i n 


"7 Cv1 ft" 5 
/ . DXXU 


X 


1 . 8xl0" 4 


3 


. 9 


1 


.33 


15 


. 0 


4 


2 9 * * 




7 <" v 1 ft" 5 


1 
X 


1 . 8xl0' 4 


-j 
J 


Q 

. o 


1 


.29 


14 


. 6 


5 


i n * * 


125a 


l.SxlO'* 


1 


1 . 8xl0" 4 


4 


. 1 


1 


. 3 6 


15 


. 4 


5 




130c 


1. 5x10"* 


1 


1 . 8xl0~ 4 


4 


.2 


1 


. 4 0 


1 5 


. 8 


5 


32** 


llg 


1.5xl0' 9 


60 


1 . 8x10"* 


4 


. 1 


1 


.39 


15 


. 7 


4 


33** 


72y 


7 . 5x10"* 


60 


1.8x10"* 


3 


. 9 


1 


.31 


14 


. 8 


5 


34** 


85 


1-5x10"* 


60 


1 . 8x10"* 


4 


. 3 


1 


43 


16 


. 1 


5 


35** 


106-10 


7.5x10"* 


60 


1.8x10"* 


4 


0 


1 


35 


15 


. 3 


4 


36** 


122 


7 . 5x10"* 


60 


1.8x10"* 


3 


9 


1 


31 


14 


. 8 


5 


37** 


125a 


1.5x10'" 


60 


1.8x10"* 


4 


1 


1 


39 


15 


7 


5 


38** 


130c 


1 . 5x10"* 


60 


1 . 8xl0" 4 


4 


3 


1 


43 


16 


1 


5 


39** 


iig 


1.5x10** 


12 


1 . 8xl0" 4 


4 


0 


1 


34 


15 


2 


4 


40** 


72y 


7 .5x10"' 


12 


1.8x10 s4 


3 


8 


1 


27 


14 


3 


5 


41** 


85 


1 . 5x10"* 


12 


1 . 8xl0" 4 


4 


1 


1 


38 


15 


6 


5 


42** 


106-10 


7.5x10"* 


12 


1 . 8x10"* 


3 


9 


1 


31 


14 


7 


4 


43** 


122 


7 . 5x10'* 


12 


1 . 8xl0" 4 


3 


8 


1 


27 


14 


3 


5 


44** 


125a 


1.5x10"' 


12 


1.8x10** 


4 


0 


1 


34 


15 


2 


5 


45** 


130c 


1.5x10"* 


12 


1 . 8xl0 -4 


4 


1 


1 


38 


15 


6 


5 



55 



75 
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Table 34 (cont'd) 



10 



15 



20 



25 



30 



35 



40 



45 



46** 
47** 
48** 
49** 
50** 
51** 
52** 
53** 
54** 
55** 
56** 
57** 
58** 
59** 
60* * 
61** 
62** 
63** 
64** 
65** 
66** 
67** 
68** 
69** 
70** 
71** 
72** 
73** 
74** 
75** 
76** 
77** 
78** 
79** 
80** 



Action Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) d erivative of Ag) 



Eftiax 



llg 
72y 
85 
106-10 
122 
125a 
130c 
llg 
72y 
85 
106-10 
122 
125a 
130c 

llg 

72y 
85 
106-10 
122 
125a 
130c 
llg 
72y 
85 
106-10 
122 
125a 
130c 

ng 

72y 
85 
106-10 
122 
125a 
130c 



1 .5xl0* 5 
7.5xl0~ 5 
1.5xl0- 5 
7.5xl0" 5 
7.5xl0" 5 
5xl0~ 5 
5xl0 _$ 
5xl0" 5 
. 5xl0" s 
. 5xl0 -5 
. 5xl0' 5 
.5xl0~ 5 
5xl0' 5 
5xl0~ 5 
5xl0- 5 
5xl0 -5 
5xl0* 5 
5xl0~ 5 
5xl0~ s 
5xl0~ 5 
5xl0' 5 
5xl0' 5 
7.5xl0- 5 
1. 5xl0" 5 
5xl0 -5 
5xl0" 5 
5xl0' 5 
5xl0" s 
5xl0" 5 
7.5xl0- 5 
1.5xl0" 5 
7.5xl0' 5 
7.5xl0* 5 
1 . 5xl0' 5 
1.5xl0' s 



1 

1, 

1 . 

7 . 

1. 

7 . 

7 . 

1. 

1 . 
1 . 
7 . 
1. 
7. 
7 . 
1. 
1. 
1. 



45 
45 
45 
45 
• 45 
45 
45 
50 
50 
50 
50 
50 
50 
50 
52 
52 
52 
52 
52 
52 
52 
58 
58 
58 
58 
58 
58 
58 
59 
59 
59 
59 
59 
59 
59 



1.8x10"* 
1 . 8xl0" 4 
1.8xl0' 4 
1 . 8xl0~ 4 
1.8xl0' 4 
1 . 8xl0~ 4 
1.8xl0" 4 
1.8xl0" 4 
1.8xl0' 4 
1.8xl0~ 4 
1 . 8xl0~ 4 
1. 8xl0 -4 
1.8xl0" 4 
8xl0 -4 
.8xl0~ 4 
. 8xl0' 4 
.8xl0" 4 
,8xl0' 4 
.8xl0 -4 
.8xl0* 4 
,8xl0" 4 
8xl0" 4 
8xl0 -4 
8xl0" 4 
8xl0* 4 
8xl0 -4 
8xl0' 4 
8xl0" 4 



1. 



1 
1 
1 

1 
1 
1 
1 
1 
1 
1 . 
1 . 
1 



1 . 8xl0 -4 
1.8xl0 -4 
1.8xl0 -4 
1.8xl0" 4 
1 . 8xl0" 4 
1.8xl0* 4 
1 . 8xl0* 4 



4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 . 

4 . 

4 . 

4 . 

4. 

4 . 

4 . 

4 . 

4 . 

4 . 

4 . 

4 . 

4 . 



.2 
. 0 
.3 
. 1 
. 0 
.2 
.3 
.4 
. 1 
. 5 
.2 
. 1 
4 
5 
2 
0 
4 
1 
0 
2 
4 
3 
0 



4.'4 
4.2 
4 . 0 



1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 

1 . 

1 . 

1 . 

1 . 

1 . 

1 . 

1. 

1 . 

1 . 

1 . 
1 . 
1 . 



1 
1 
1 
1 
1 
1 
1 

1 . 
1 , 
1. 
1 . 
1 . 



,42 
34 
45 
38 
34 
42 
45 
47 
38 
51 
42 
38 
.47 
.51 
.42 
.35 
.46 
.39 
.35 
.42 
.46 
.44 
.36 
.47 
.40 
.36 
44 
47 
39 
31 
43 
35 
31 
39 
43 



16.0 
15.1 
16.4 
15.6 
15.1 



16 
16 
16 
15 
17 
16.1 

15 . 6 

16 . 5 
17.0 
16.1 
15.2 
16 . 5 
15 . 6 



15 

16 

16. 

16. 

15 . 

16. 



15.8 
15 . 3 



16 . 2 
16 . 7 
15 . 7 

14 . 8 
16.1 

15 . 3 
14 . 8 
15.7 
16.1 



black 
pepper 



4 
5 
5 
4 
5 
5 
5 
5 
5 
5 

4 

5 

5 

5 

4 

5 

5 

4 

5 

5 

5 

5 

5 

5 

4 

5 
5 
5 
4 
5 
5 

4 

5 
5 
5 



50 



comparison 
** invention 



VC-2 



EtO 



CN 



55 



[0155] It is evident from Table 34 that using compounds of formulae (1) to (14) according to the invention, thermo- 
graphic recording elements satisfying all the requirements of high Dmax, high contrast, and minimal black pepper are 



76 



obtained. 
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Example 6 

[01 56] Samples were prepared as in Example 4 except that hydrazine derivatives and compounds of formulae (1) to 
(14) or comparative compounds were used as shown in Table 35. 

Photographi c property test 

[0157] The samples were examined as in Example 3. 
Black pepper test 

[01 58] The samples were rated as in Example 1 . 
[01 59] The results are shown in Table 35. 



77 
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Table 3 5 

Addition Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol Ehiax s v black 

compound of Ag) derivative of Aa) r 

pepper 
2.6 0.80 - 5 

3.6 1.14 12.8 2 

3.4 1.07 12.1 3 

3.7 1.17 13.2 3 

3.5 1.11 12.5 2 
3.4 1.07 12.1 3 

3.6 1.14 12.8 2 

3.7 1.17 13.2 2 
3.3 1.04 11.8 3 
4.0 1.35 14.9 4 
4.0 1.36 15.0 4 

4.0 1.33 15.5 5 
3.9 1.35 15.3 4 

4.1 1.40 15.5 5 
4.3 1.48 16.6 5 

4.0 1.39 15.7 5 

4.1 1.39 15.8 4 
3.7 1.17 13.2 3 

3.5 1.10 12.5 3 
3.9 1.20 13.6 3 

3.6 1.14 12.8 3 
3.5 1.10 12.5 3 

3.7 1.17 13.2 3 
3.9 1.20 13.6 3 

4.1 1.38 15.5 4 
3.9 1.30 14.7 5 

4.2 1.41 16.0 5 
.4.0 1.34 15.1 4 

3.9 1.30 14.7 5 

4.1 1.38 15.5 5 

4.2 1.41 16.0 5 

4.2 1.40 15.9 4 

4.0 1.33 15.0 5 

4.3 1.44 16.3 5 

4.1 1.37 15.4 4 
4.0 1.33 15.0 5 

4.2 1.40 15.9 5 

4.3 1.44 16.3 5 

4.0 1.35 15.3 4 

3.8 1.28 14.5 5 

4.1 1.39 15.7 5 

3.9 1.32 14.9 4 
3.8 1.28 14.5 5 

4.0 1.35 15.3 5 

4.1 1.39 15.7 5 





1 * 






- 


- 




2 * 


iig 


1.5x10" 


- 


- 


10 


3 * 


72y 


7.5x10" 


- 


- 




4 * 


85 


1.5x10"' 


- 


- 




5 * 


106-10 7.5x10" 


- 


- 




6 * 


122 


7 ..5x10" 


- 


- 




7 * 


125a 


1.5x10-' 


- 


- 


15 


8* 


130c 


1.5x10" 


- 


- 




9 * 


- 


- 


VC-6 


2.5x10" 




10 ** 


- 


- 


2 


2.5x10" 




11** 


- 


- 


38 


2.5xl0* 3 




12 * * 


- 


- 


57 


2.5x10-' 


20 


13 * * 


- 


- 


46 


2.5xl0* 3 




14 * * 


- 


- 


47 


2.5x10" 




15* * 


- 


- 


51 


2.5x10" 




16** 


- 


- 


55 


2 . 5xl0" 3 




17 * * 


- 


- 


64 


2 . 5xl0 -3 


25 


18* 


iig 


1.5xl0" 5 


VC-6 


1.8xl0" 4 




19* 


72y 


7.5x10" 


VC-6 


1. 8x10" 




20* 


85 


1.5xl0" 5 


VC-6 


1.8xl0* 4 




21* 


106-10 


7.5x10"' 


VC-6 


1.8x10-* 




22* 


122 


7.5x10*' 


VC-6 


1.8x10" 


30 


23 * 


125a 


1.5x10"' 


VC-6 


1.8x10** 




24 * 


130c 


1 . 5x10*' 


VC-6 


1 . 8x10'* 




25* * 


llg 


1.5x10-' 


2 


1.8x10"* 




26* * 


72y 


7.5x10"' 


2 


1 . 8x10** 




27 * * 


85 


1.5x10-' 


2 


1.8x10** 


35 


28* * 


106-10 


7.5x10-' 


2 


1 . 8x10"* 




2 9* * 


122 


7.5x10"' 


2 


1.8x10"* 




30** 


125a 


1.5x10"' 


2 


1.8x10"* 




31** 


130c 


1.5x10'' 


2 


1.8x10"* 




32** 


llg 


1.5x10"' 


38 


1.8x10"* 


40 


33** 


72y 


7.5x10"' 


38 


1.8x10"* 




34** 


85 


1.5x10"' 


38 


1.8x10"* 




35** 


106-10 


7.5x10-' 


38 


1.8x10'* 




36** 


122 


7.5x10"' 


38 


1. 8x10** 




37** 


125a 


1. 5x10*' 


38 


1.8x10"* 


45 


38** 


130c 


1 . 5xl0" 5 


38 


1.8x10"* 




39** 


llg 


1.5xlO" 5 


57 


1.8x10"* 




40** 


72y 


7 . 5x10" 


57 


1 . 8x10"* 




41** 


85 


1.5x10"' 


57 


1. 8x10"* 




42** 


106-10 


7.5x10*' 


57 


1 . 8x10"* 


50 


43** 


122 


7.5x10"' 


57 


1.8x10"* 




44** 


125a 


1 . 5xlO" 5 


57 


1.8x10"* 




45** 


130c 


1.5x10"' 


57 


1.8xl0* 4 
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Table 35 (cont'd) 

Addition Addition 
5 amount Substituted amount 



15 



20 



25 



30 



40 





Hydrazine (mol/mol alkene 
compound of Ag) derivative 


(mol/mol 
of Aa) 


Dnnax 




s 




r 


oxacx 

peppeir 


A. * * 


11a 


1 . 5x10" 


5 4 6 


X . OX1U 


4 . 3 


X 


4 3 


X o 


. i 


4 


4 I 


72 v 


7 . 5x10" 


1 4 6 


X . OXX U 


A A 
4 . U 


1 


■3 5 


1 5 


. 3 


5 


A Q * * 
4 O 


8 5 


1 . 5x10"' 


1 4 6 


1 . ox 1 U 


A A 

4 . 4 
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5 
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47 
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. 0 


b 
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47 
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X . 


DZ 


X / 




b 
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47 
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1 


b 
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47 


X . OXX u 


A E 
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X . 
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b 
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X . 


/l /A 
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X O 
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A 

4 
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O X 
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X • oXX U 
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X . 


J o 
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A 
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b 
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O Z 


85 


1 . 5xl0" 5 
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X . oXX u 
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X . 


A Q 
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1 c 

X b 


•7 
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51 
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X . OXX u 
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4 . U 
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c 

b 
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X . oXX u 


4.4 


X . 


4 o 


X O 
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55 
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4.3 


1. 


45 


16 


. 4 


5 


68** 


72y 


7.5xl0" 5 


55 


1.8x10"* 


4 . 1 


1. 


37 


15 


. 5 


5 


69** 


85 


1.5xl0" 5 


55 


1.8xl0" 4 


4.4 


1. 


49 


16 


. 8 


5 


70** 


106-10 


7.5xl0" 5 


55 


1.8x10'* 


4.2 


1. 


41 


15 


. 9 


4 


71** 


122 


7 . 5xl0" 5 


55 


1 . 8x10"* 


4 . 1 


1 . 


37 


15 


. 5 


5 


72** 


125a 


1. 5xl0" 5 


55 


1. 8x10"* 


4.3 


1 . 


45 


16 


. 4 


5 


73** 


130c 


1.5xl0" 5 


55 


1.8x10"* 


4.4 


1 . 


49 


16 


. 8 


5 


74** 


lig 


1.5xl0" 3 


64 


1.8x10"* 


4.2 


1. 


40 


15 


. 9 


4 


75** 


72y 


7 . 5xl0" 5 


64 


1. 8xl0' 4 


4.0 


1 . 


33 


15 


. 0 


5 


76** 


85 


1.5xl0" 5 


64 


1. 8xl0" 4 


4.3 


1 . 


44 


16 


. 3 


5 


77** 


106-10 


7 .5xl0" 5 


64 


1.8x10"* 


4.1 


1. 


37 


15 


. 4 




78** 


122 


7.5xl0" 3 


64 


1 . 8x10'* 


4.0 


1 . 


33 


15 


. 0 


5 


79** 


125a 


1.5xl0" 5 


64 


1.8x10"* 


4.2 


1 . 


40 


15 


. 9 


5 


80** 


130c 


1.5xl0" 5 


64 


1.8x10"* 


4.3 


1 . 


44 


16 


3 


5 
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[0160] It is evident from Table 35 that using compounds of formulae (1) to (14) according to the invention, thermo- 
graphic recording elements satisfying all the requirements of high Dmax, high contrast, and minimal black pepper are 
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obtained. 



Example 7 



s Silver halide emulsinn C. 



10 



15 



20 



25 



Z Is HS2toSf 0 ^ Sfl 22 Phtha,at6d 9e,atin and 30 m9 * P 0 **™ bromide. The solu- 

«?J^!? ^ P f temperature of 40-C. To the solution, 159 ml of an aqueous solution containing 18 6 

S llri ^ a " aqueous S °' Uti0n C ° ntainin9 P ° tassiu,T ' bromida were over 1 o ie^I £S 
moSef 5 fj StSrf!? 9 * e ?*S 31 PA9 7 " 7 ' ^ an W" so1 ^ containing 8x^0- 
ZeZSlff ^l V rt , 6r ° f p0,assuJm bramide added over 30 minutes by the controlled double jet 
ma,nta,n J n 9 *• «**ion at pAg 7.7. The emulsion was adjusted to pH 5.9 and pAg 8 0 There wJre 

Sat^ 

!°?^U flf ° b,ained SilV6r halide 9rains C were heated at M °C to which 8.5x10 s mol of sodium thiosuHate 
1.1x0 mo of 2.3.4.5,6-pentafluorophenyldiphenylsulfin selenide. 2x10-6 mol of Tellurium (Smpou^H SSn2 

Sensitizing Dye G 



30 



40 




S0 3 Na CH 2 COONa 
Tellurium Compound 1 
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Organic acid silver mi crocrystalline dispersion 

SScter 15 m5Z r i°^?H 9ramS °' b ! h6niC aC,d - 73 9ramS ° f *"* acid " ^ 500 ml of distilled water was stirred at 
W ^c lcTv^^ ZT 5 Tr" 9 ' 187 ml 1 0, 1N Na ° H aqUe ° US S0,U,i0n Was added wer 15 61 ml o 

wast*^^ 

P'!L ea,te « t°" dS W6re seDarated bv action ''"ration and washed with water until the water filtrate reached a con 

J tiie wet cake were added 12 grams of polyvinyl alcohol and 150 ml of water. They were thoroughly mixS to form a 
slurry A vesse was charged with the slurry together with 840 grams of zirconia beads having a meTnXmeter o o 5 

z £2E2 machine (i/4 ? ^ Grinder Mi " by imax kk) was ° perated * 5 ^rsrii 

the preparation of a ^crocrystaffine dispersion of organic acid silver grains having a volume weight mean SEJS 
eter of 1 .5 nm as measured by Master Sizer X (Malvern Instruments Ltd.). 
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Solid particle dispersions of chemical addenda 

[01 64] Solid particle dispersions of tetrachlorophthalic acid (C-7), 4-methylphthalic acid (C-8), 1 , 1 -bis(2-hydroxy-3,5- 
dimethylphenyl)-3,5,5-trimethylhexane (C-5), phthalazine (C-6), and tribromomethylsulfbnylbenzene (C-14) were pre- 
pared. 

[0165] To tetrachlorophthalic acid were added 0.81 gram of hydroxypropyl cellulose and 94.2 ml of water. They were 
thoroughly agitated to form a slurry, which was allowed to stand for 10 hours. A vessel was charged with the slurry 
together with 100 ml of zirconia beads having a mean diameter of 0.5 mm. A dispersing machine as above was oper- 
ated for 5 hours for dispersion, obtaining a solid particle dispersion of tetrachlorophthalic acid in which particles with a 
diameter of up to 1.0 urn accounted for 70% by weight. Solid particle dispersions of the remaining chemical addenda 
were similarly prepared by properly changing the amount of dispersant and the dispersion time to achieve a desired 
mean particle size. 

Emulsion layer coating solution 

[01 66] An emulsion layer coating solution was prepared by adding the following compositions to the organic acid silver 
microparticulate dispersion prepared above. 

Organic acid silver particle dispersion 
Silver halide emulsion C 
Binder: LAC STAR 3307B SBR latex 
Addenda for development: 

Tetrachlorophthalic acid 

1 , 1-bis (2 -hydroxy- 3 , 5-dimethylphenyl) - 
3,5, 5-trimethylhexane 

Phthalazine 

Tr ibr omome t hy lpheny 1 su 1 f one 
4-methylphthalic acid 

Hydrazine derivative (see Table 36) 

Inventive compound (see Table 36) 

Comparative compound (see Table 36) 

Note that the type and amount of hydrazine derivative, inventive compound and comparative compound added are 
shown in Table 36, the amount being expressed by mol per mol of silver. 

Emulsion surface protective layer coatipg solution 

[01671 An emulsion surface protective layer coating solution was prepared by adding 0.26 gram of Surfactant A, 0.09 
gram of Surfactant B, 0.9 gram of silica microparticulates having a mean particle size of 2.5 urn, 0.3 gram of 1,2- 
bis(vinylsulfbnylacetamide)ethane and 64 grams of water to 10 grams of inert gelatin. 



1 mol 
0.05 mol 
430 g 

5 g 

98 g 
9.2 g 
12 g 
7 g 
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Surfactant A 



5 



c 8 f 17 o 2 s— n; 



^CHgCOOK 



Surfactant B 



10 




SQ 3 Na 



15 



Coated sample 

[01 68] A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral Denka Butyral #4000-2, 0.2 
20 gram of spherical silica Sildex H121 (mean size 12 urn), 0.2 gram of spherical silica Sildex H51 (mean size 5 urn), and 
0.1 gram of Megafax F-176P to 64 grams of 2-propanol and mixing them into a solution. Further, a mixed solution of 
420 mg of Dyestuff B in 10 grams of methanol and 20 grams of acetone and a solution of 0.8 gram of 3-isocyanatome- 
triyl-3,5,5-trimethylhexyl isocyanate in 6 grams of ethyl acetate were added to the solution. 

[0169] A polyethylene terephthalate film having a moisture-proof undercoat of vinylidene chloride on either surface 
25 was coated on one surface with the back surface coating solution so as to give an optical density of 0.7 at 780 nm. 
[0170] On the thus prepared support, the emulsion layer coating solution was coated so as to give a coverage of 1 .6 
g/m of silver, and the emulsion layer protective layer coating solution was then coated on the emulsion layer so as to 
give a gelatin coverage of 1 .8 g/m 2 , obtaining a coated sample. 

so Photographic property test 

[01 71 ] The samples were examined as in Example 1 . 

RlacK pepper test 



35 



[01 72] The samples were rated as in Example 1 . 
[01 73] The results are shown in Table 36. 



40 
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Table 3 6 

Addition Addition 
amount Substituted amount 





Hydrazine (mol/mol alkene 
compound of Ag) derivative 


(mol/mol 
OE Agj 


Efcnax 




s 


7 




black 
pepper 


1* 










— 


z 


. o 


0 


. 80 






5 


2* 


iig 




• jXI U 






"3 


7 


1 


. 15 


1 0 . 


7 


2 


3* 


/ zy 








— 


J 


c 

. 3 


1 


. 0 9 


1 0 . 


1 


3 


4 * 


Q R 
O 3 


z 


C v 1 rt" 4 






J 


Q 
. O 


1 


. 18 


11 . 


0 


3 


5* 


i n £ _ i n 

1UO-1U 


c 

J 


. UX1U 






J 


• Q 


1 


. 12 


1 0 . 


4 


2 


6* 


19 3 
J. Z <£ 


3 


. UX1U 






•3 
J 


C 

. 3 


1 


. 09 


10 . 


1 


3 


7* 


x z Da 


Z 


c v i rv 4 






T 

J 


. / 


1 


. 15 


10 . 


7 


2 


8* 


i in- 

1 JuC 


Z 


C v 1 r\-* 






•3 
J 


. o 


1 


. 18 


11 . 


0 


2 


9* 








Vv, 3 


7 . 5x10" 


-i 
J 


A 
. 4 


1 
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9 . 


8 


3 


10** 








z 
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A 
4 


n 


1 


. 33 
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9 


4 


11* * 








"3 Q 
J O 


7 . 5xl0" 3 


A 
4 


. x 


1 


. 38 


1 3 . 


0 


4 


12** 








3 / 


7 . 5xl0" 3 


A 
4 


. i 


1 


. 32 


12 . 


5 


5 


13 * * 










7 . 5xl0~ 3 


4 


. z 


1 


. 4 0 


13 . 


0 


4 


14* * 








/l 9 


7 . 5xl0~ 3 


A 
4 


. 3 


1 


. 41 


13 . 


8 


5 


15* * 
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A 
4 


• 3 


1 


. 48 


13 . 


9 


5 


16** 
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7 . 5xl0" 3 


4 




1 


. 39 
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4 


4 


17** 
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A 

4 
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. u 


1 
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0 


4 
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Z 
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Q 
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0 


3 
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7 zy 


e 

3 


. UXJ. u 
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3 . 6xl0' 4 


*i 
J 
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1 
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4 


3 
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Z 
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Q 
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1 


.21 
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3 


3 


21* 




3 
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7 


3 


22* 


X A Z 




ft v 1 0"* 
. UX1U 
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9 
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J 
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3 


24* 
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•5 
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1 
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12 . 


9 
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/ zy 


c 

j 
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•a 
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2 
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4 
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c 

J 
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2 


5 
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2 
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4 


.2 


1 
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12 . 


9 


5 


3 1* * 


130c 


2 
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2 


3 . 6xl0" 4 


4 


.3 


1 


. 43 
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3 


5 


32** 


llg 


2 


. 5xl0" 4 


38 


3.6xl0" 4 


4 


.2 


1 


.42 


13 . 


2 


4 


33** 


72y 


5 


. OxlO" 4 


38 


3.6xl0" 4 


4 


.0 


1 


. 34 


12 . 


5 


5 


34** 


85 


2 


. 5xl0" 4 


38 


3 . 6xl0" 4 


4 


.4 


1 


.46 
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6 


5 


35** 


106-10 


5 


-OxlO" 4 


38 


3.6xl0" 4 


4 


. 1 


1 


.38 


12 . 


8 


4 


36** 


122 


5 


. OxlO" 4 


38 


3.6xl0" 4 


4 


. 0 


1 


.34 


12 . 


5 


5 


37** 


125a 


2 


. 5xl0" 4 


38 


3 .6xl0" 4 


4 


.2 


1 


.42 


13 . 


2 


5 


38** 


130c 


2 


. 5xl0" 4 


38 


3 .6xl0' 4 


4 


. 4 


1 


.46 


13 . 


6 


5 


39** 


iig 


2 


.5xl0" 4 


57 


3 . 6xl0" 4 


4 


. 1 


1 


.37 


12 . 


7 


4 


40** 


72y 


5 


.OxlO' 4 


57 


3.6xl0" 4 


3 


. 9 


1 


.29 


12 . 


0 


5 


41** 


85 


2 


. 5xl0" 4 


57 


3 .6xl0" 4 


4 


. 2 


1 


.41 


13 . 


1 


5 


42** 


106-10 


5 


. OxlO -4 


57 


3 .6xl0" 4 


4 


. 0 


1 


.33 


12 . 


4 


4 


43** 


122 


5 


. OxlO -4 


57 


3 . 6xi0" 4 


3 


. 9 


1 


.29 


12 . 


0 


5 


44** 


125a 


2 


. 5xl0' 4 


57 


3 .6xl0" 4 


4 


. 1 


1 


.37 


12 . 


7 


5 


45** 


130c 


2 


.5xl0" 4 


57 


3 . 6xl0" 4 


4 


. 2 


1 


.41 


13 . 


1 


5 
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Table 36 (cont'd) 



w 



15 



20 



30 



35 



40 



45 



50 



46** 

47** 
48** 
49** 
50** 
51** 
52** 
53** 
54** 
55** 
56** 
57** 
58** 
59** 
60** 
61** 
62** 
63** 
64** 
65** 
66** 
67** 
68** 
69** 
70** 
71** 
72** 
73** 
74** 
75** 
76** 
77** 
78** 
79** 
80** 



Addition Addition 
amount Substituted amount 
Hydrazine (mol/mol alkene (mol/mol 
compound of Ag) derivative of Ag) 



Efciax 



llg 2.5xl0" 4 



72y 
85 
106-10 
122 
125a 
130c 
llg 
72y 
85 
106-10 
122 
125a 
130c 

Hg 

72y 
85 
106-10 
122 
125a 
130c 

llg 
72y 
85 
106-10 
122 
125a 
130c 

llg 

72y 
85 
106-10 
122 
125a 
130c 



5.0x10** 
2.5xl0" 4 
5. OxlO" 4 
5. OxlO" 4 
2.5xl0" 4 
2.5xl0" 4 
2.5xl0" 4 
5. OxlO" 4 
2.5xl0" 4 
5. OxlO' 4 
5. OxlO" 4 
2.5xl0" 4 
2.5xl0" 4 
2.5xl0" 4 
5. OxlO" 4 
2.5xl0" 4 
5. OxlO' 4 
5. OxlO* 4 
2.5xl0" 4 
2.5xl0" 4 
2.5xl0" 4 
5. OxlO" 4 
2 .5xl0" 4 
5 .OxlO' 4 
5 .OxlO" 4 
2 .5xl0" 4 
2.5xl0" 4 
2 .5xl0" 4 
5. OxlO" 4 
2.5xl0" 4 
5. OxlO" 4 
5. OxlO" 4 
2 ,5xl0" 4 
2 .5xl0" 4 



comparison 
invention 



46 

46 

46 

46 

46 

46 

46 

47 

47 

47 

47 

47 

47 

47 

51 

51 

51 

51 

51 

51 

51 

55 

55 

55 

55 

55 

55 

55 

64 

64 

64 

64 

64 

64 

64 



6xl0" 4 
3 . 6xl0* 4 
3 . 6xl0" 4 
3 . 6xl0" 4 
3.6xl0" 4 
3 . 6xl0' 4 
3 .6xl0" 4 
3 .6xl0" 4 
3 . 6xl0" 4 
3 .6xl0" 4 
3 .6xl0* 4 
3.6xl0* 4 
6xl0* 4 
6xl0* 4 
6xl0" 4 
6xl0" 4 
6xl0" 4 
6xl0" 4 
6xl0" 4 
6xl0" 4 
3 ,6xl0" 4 
3 .6xl0" 4 
3 ,6xl0" 4 
3 .6xl0" 4 
3 .6xl0* 4 
3 .6xl0" 4 
3 .6xl0* 4 
3 . 6xl0" 4 
3 . 6xl0" 4 
3 . 6xl0" 4 
3 . 6xl0" 4 
3 .6xl0" 4 
3.6xl0* 4 
3 .6xl0" 4 
3 .6xl0" 4 



VC-5 



HO 




N 



CN 



4.3 
4.1 
4.4 
4.2 
4.1 
4.3 
4.4 



4.1 
4.4 



4 

4 

4 

4 

4 

4 , 

4. 

4. 

4. 

4. 

4. 

4. 

4 . 



4.2 
4.4 



1 
1 
1 
1 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 



45 
37 
48 
41 
37 
45 
48 
50 
41 
54 



13.4 
12.7 
13 . 8 
13 .1 



12.7 
13 . 4 
13 . 8 
13 . 9 
13 .1 



1.45 
1.41 
.50 
.54 
.45 
.37 
.49 
,41 
37 
45 
49 
47 
39 
51 
43 
39 
47 
51 
42 
34 



1.46 
1.38 
1 . 34 
1.42 
1.46 



14 , 
13 . 
13 . 

13 . 

14 . 
13 . 



12 . 8 

13 . 9 
13 .1 

12 . 8 

13 .5 
13 .9 

13 . 6 
12.9* 

14 . 0 



13 
12 
13 
14 
13 
12 
13 
12 . 8 

12 . 5 

13 . 2 
13 . 5 



black 
pepper 



4 

5 

5 

4 

5 

5 

5 

5 

5 

5 

4 

5 

5 

5 

4 

5 

5 

4 

5 

5 
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5 
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4 

5 

5 
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5 

5 
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[0174] H is evident from Table 36 that using compounds of formulae (1) to (14) according to the invention, thermo 
graphic recording elements satisfying all the retirements of high Dmax, high contrast, and minimal black peDDer 
obtained. " M 



are 
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[0175] There has been described a thermographic recording element featuring high Dmax, high sensitivity and satis- 
factory contrast and free of black pepper. 

[01761 Reasonable modifications and variations are possible from the foregoing disclosure without departing from 
either the spirit or scope of the present invention as defined by the claims. 

Claims 

1 . A thermographic recording element having at least one image forming layer, said element comprising an organic 
silver salt, a reducing agent, and at least one of substituted alkene derivatives of the general formulae (1) through 
(14): 



w 



W H 



formula (1) formula (2) formula (3) 




formula (4) formula (5) formula (6) 



H^D 



D w 



formula (7) formula <8) formula (9) 



W D 
H^H 



formula (10) formula (11) formula (12) 
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X j 




D D D h 

formula (13) formula (14) 

D '^J^ZT^ ° iS an 6,eCtr0n d0native »** H is hydrogen, the groups represented 
2. The thermographic recording etement of claim 1 further comprising a hydrazine derivative of the general formula 

R 2 — N — N — (G 1 )m 
A 1 A 2 



3. 



The thermographic recording element of claim 1 or 2 further comprising a photosensitive silver halide. 
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